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Abstract	  Traumatic	  fractures	  of	  the	  upper	  cervical	  spine	  are	  a	  diverse	  group	  of	  injuries	  with	  high	  morbidity	  and	  mortality.	  Guidelines	  for	  treatment	  of	  these	  injuries	  have	  been	  based	  off	  limited	  medical	  literature;	  the	  factors	  associated	  with	  the	  management	  decisions	  and	  the	  outcomes	  associated	  with	  those	  decisions	  have	  not	  been	  well	  described.	  In	  particular,	  recent	  literature	  supports	  the	  idea	  that	  nonclinical	  factors	  such	  as	  race	  and	  insurance	  may	  affect	  treatment	  decisions	  for	  all	  spine	  fractures.	  	  The	  electronic	  medical	  record	  was	  queried	  for	  trauma	  patients	  admitted	  to	  Yale	  New	  Haven	  Hospital	  diagnosed	  with	  an	  upper	  cervical	  spine	  fracture	  using	  relevant	  ICD-­‐9	  codes.	  Information	  on	  patient	  demographics,	  injury	  details,	  treatment,	  procedures,	  and	  outcome	  were	  gathered.	  Descriptive	  statistics	  and	  univariate	  analysis	  were	  used	  to	  describe	  the	  population	  and	  the	  risk	  factors	  associated	  with	  each	  treatment	  cohort	  and	  various	  outcomes.	  Of	  239	  patient	  records	  reviewed	  by	  the	  time	  of	  publication,	  218	  had	  definitive	  evidence	  of	  upper	  cervical	  spine	  fracture.	  Overall	  in-­‐hospital	  mortality	  rate	  was	  11%.	  	  Mean	  age	  of	  injury	  was	  69,	  with	  median	  age	  of	  injury	  77	  years.	  85.8%	  (n=	  194)	  patients	  were	  white.	  The	  primary	  payer	  insurance	  was	  governmental	  for	  150	  patients;	  41	  patients	  had	  private	  or	  commercial	  coverage	  (18.8%),	  while	  20	  patients	  had	  no	  insurance	  coverage	  at	  admission	  (9.2%).	  White	  patients	  were	  more	  likely	  to	  undergo	  initial	  treatment	  in	  rigid	  collar	  (OR	  =	  0.30,	  p=	  0.002)	  and	  were	  also	  more	  likely	  to	  receive	  collar	  as	  definitive	  treatment	  (OR=	  0.30,	  p=	  0.002).	  Nonwhite	  patients	  were	  3	  times	  more	  likely	  to	  receive	  initial	  treatment	  in	  a	  halo	  orthosis	  (p=	  0.005)	  and	  were	  also	  3	  times	  more	  likely	  to	  receive	  halo	  orthosis	  as	  definitive	  treatment	  (p=	  0.012).	  Race	  was	  not	  associated	  with	  initial	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surgical	  treatment	  (OR=	  1.88,	  p=	  0.246)	  or	  with	  definitive	  surgical	  treatment	  (OR=	  2.01;	  p=	  0.110).	  Patients	  without	  insurance	  had	  a	  lower	  likelihood	  of	  receiving	  CT	  upon	  admission	  (OR=	  0.31,	  p=	  0.05)	  while	  patients	  with	  government	  insurance	  had	  a	  significantly	  lower	  chance	  of	  receiving	  a	  CTA,	  MR	  or	  MRA	  during	  admission	  compared	  to	  those	  with	  private	  insurance	  (ORCTA=	  0.30,	  p=	  0.001;	  ORMR=	  0.40,	  	  p=	  0.023;	  ORMRA=	  0.37;	  p=	  0.01).	  The	  only	  significant	  association	  between	  insurance	  and	  treatment	  was	  the	  increased	  likelihood	  of	  patients	  without	  insurance	  to	  receive	  definitive	  treatment	  in	  halo	  orthosis	  (OR=	  3.79,	  p=	  0.010).	  Insurance	  was	  not	  associated	  with	  risk	  of	  death	  during	  admission.	  None	  of	  the	  patient	  factors	  or	  injury	  factors	  assessed	  had	  an	  effect	  on	  the	  likelihood	  of	  receiving	  surgery	  as	  primary	  treatment;	  the	  only	  patient	  factor	  associated	  with	  an	  increased	  risk	  of	  definitive	  surgical	  treatment	  was	  CCI.	  Race	  and	  insurance	  were	  not	  associated	  with	  death	  during	  admission.	  Management	  in	  collar	  or	  by	  surgery	  was	  associated	  with	  increased	  death	  during	  admission,	  as	  was	  C2	  Type	  and	  dens	  Type	  2	  fracture.	  Race	  did	  not	  affect	  risk	  of	  nonunion	  but	  decreased	  likelihood	  of	  delayed	  healing	  during	  follow-­‐up.	  Being	  male,	  nonwhite,	  under	  age	  65	  and	  being	  either	  uninsured	  or	  having	  government	  insurance	  significantly	  increased	  the	  likelihood	  of	  receiving	  halo	  orthosis	  as	  definitive	  management	  for	  UCS	  fracture.	  Being	  uninsured	  or	  having	  government	  insurance	  decreases	  the	  likelihood	  of	  receiving	  specialized	  imaging	  during	  admission	  for	  upper	  cervical	  spine	  fracture.	  Further	  analysis	  using	  multivariate	  techniques	  may	  yield	  more	  nuanced	  investigation	  of	  nonclinical	  factors	  in	  treatment	  and	  outcomes	  of	  upper	  cervical	  spine	  fracture	  at	  Yale.	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Introduction	  Traumatic	  fractures	  of	  the	  upper	  cervical	  spine	  (UCS)	  are	  a	  diverse	  group	  of	  injuries	  with	  potentially	  devastating	  complications.	  The	  complex	  bony	  and	  neurovascular	  anatomy	  of	  the	  skull	  base,	  atlas	  and	  axis	  inherently	  requires	  high	  stability	  while	  enabling	  a	  large	  range	  of	  motion;	  these	  functions	  are	  met	  by	  both	  skeletal	  and	  ligamentous	  stability.	  Trauma	  to	  the	  head	  and	  neck	  can	  result	  in	  fracture	  of	  the	  bony	  elements	  of	  the	  UCS;	  frequently,	  these	  fractures	  occur	  in	  combination	  or	  with	  concurrent	  ligamentous	  injury	  which	  may	  further	  compromise	  stability.	  Injuries	  to	  the	  bony	  and	  ligamentous	  structures	  of	  the	  UCS	  can	  disrupt	  essential	  structures	  housing	  the	  entire	  afferent	  and	  efferent	  connection	  between	  the	  brain	  and	  the	  body,	  and	  the	  delicate	  passageway	  for	  the	  vasculature	  of	  the	  brain;	  damage	  to	  these	  structures	  can	  result	  in	  compromise	  of	  vital	  function,	  severe	  disability	  and,	  occasionally,	  death.	  The	  functional	  deficits	  that	  may	  result	  from	  UCS	  fracture	  with	  spinal	  cord	  injury	  create	  great	  medical	  and	  socioeconomic	  burden.	  Management	  of	  these	  injuries	  in	  a	  safe	  and	  evidence-­‐based	  manner	  is	  a	  priority	  in	  the	  setting	  of	  spinal	  trauma:	  national	  neurosurgical	  organizations	  have	  provided	  consensus	  guidelines	  on	  treatment	  for	  various	  UCS	  fractures	  though	  the	  majority	  of	  these	  recommendations	  are	  lacking	  strong	  scientific	  support1-­‐3.	  	  UCS	  fracture	  represents	  a	  significant	  proportion	  of	  cervical	  spine	  trauma.	  Approximately	  half	  of	  all	  cervical	  spine	  fractures	  occur	  around	  the	  craniocervical	  junction4;	  10%	  of	  all	  cervical	  fractures	  occur	  at	  C15	  while	  fractures	  of	  the	  odontoid	  process	  account	  for	  20%	  of	  all	  cervical	  spine	  fractures	  in	  adults6.	  The	  elderly	  are	  at	  particularly	  high	  risk	  of	  UCS	  fracture,	  due	  to	  a	  combination	  of	  biomechanical	  factors	  on	  the	  microscopic	  (osteopenia)	  and	  macroscopic	  (increased	  cervical	  stiffness)	  changes	  that	  occur	  with	  age7.	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While	  UCS	  fractures	  represent	  approximately	  36%	  of	  all	  cervical	  spine	  fractures	  of	  adults,	  the	  UCS	  fracture	  burden	  increases	  to	  69%	  of	  all	  cervical	  spine	  fractures	  in	  the	  elderly8.	  The	  complex	  association	  of	  comorbidities,	  age,	  injury	  severity	  and	  mortality	  has	  been	  well-­‐established9,	  and	  this	  holds	  true	  for	  UCS	  fractures	  in	  geriatric	  patients:	  during	  initial	  hospitalization,	  mortality	  may	  reach	  18.7%,	  and	  the	  injury	  carries	  an	  overall	  medium	  term	  mortality	  rate	  of	  45.2%10.	  Other	  traumatic	  orthopaedic	  injuries	  in	  the	  elderly	  such	  as	  fractures	  of	  the	  proximal	  femur	  and	  hip	  are	  associated	  with	  high	  morbidity	  and	  mortality,	  and	  have	  been	  the	  subject	  of	  extensive	  research	  with	  resultant	  guidelines	  available	  for	  management	  of	  specific	  traumatic	  injuries	  in	  the	  elderly	  population10-­‐12.	  Though	  research	  has	  shown	  the	  relationship	  between	  comorbidities	  and	  neurological	  status	  on	  increased	  mortality	  in	  the	  elderly	  following	  cervical	  spine	  fracture,	  the	  relationship	  between	  these	  factors,	  treatment	  choice	  and	  outcome	  in	  UCS	  fracture	  has	  not	  been	  clearly	  defined.	  	  	  Despite	  the	  prevalence	  of	  UCS	  fracture	  and	  the	  potential	  for	  high	  morbidity	  and	  mortality	  as	  a	  result	  of	  these	  injuries,	  there	  are	  surprisingly	  weak	  guidelines	  for	  clinical	  management.	  The	  authors	  group	  of	  the	  Joint	  Section	  on	  Disorders	  of	  the	  Spine	  and	  Peripheral	  Nerves	  of	  the	  American	  Association	  of	  Neurological	  Surgeons,	  along	  with	  the	  Congress	  of	  Neurological	  Surgeons,	  published	  guidelines	  for	  managing	  UCS	  fractures	  in	  2002,	  which	  was	  further	  updated	  in	  20131-­‐3.	  Of	  all	  recommendations	  provided	  for	  both	  isolated	  and	  combination	  UCS	  fractures,	  only	  the	  treatment	  of	  a	  single	  subtype	  of	  odontoid	  fracture	  in	  a	  subset	  of	  patients	  reached	  sufficient	  scientific	  standards	  to	  be	  classified	  as	  Level	  II	  evidence.	  	  	  The	  decision	  to	  proceed	  with	  surgical	  treatment	  of	  spinal	  fracture	  depends	  on	  many	  factors,	  including	  fracture	  pattern	  and	  stability,	  neurological	  signs,	  concurrent	  injuries	  and	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ligamentous	  damage;	  some	  have	  argued	  that	  ligamentous	  injury	  may	  be	  the	  most	  important	  determining	  factor	  in	  the	  decision	  to	  treat	  UCS	  fracture	  surgically13.	  Scoring	  systems	  for	  other	  spinal	  regions	  can	  help	  guide	  the	  decision	  towards	  operative	  or	  conservative	  management14,15;	  no	  such	  systems	  exist	  for	  UCS	  fracture.	  Literature	  also	  suggests	  that	  surgical	  interventions	  for	  spinal	  fracture	  may	  be	  influenced	  by	  non-­‐clinical	  factors	  such	  as	  patient	  race	  and	  insurance16:	  in	  a	  groundbreaking	  study	  using	  the	  National	  Trauma	  Data	  Bank,	  investigators	  applied	  a	  propensity-­‐controlled,	  multivariable	  logistic	  regression	  model	  to	  determine	  adjusted	  odds	  ratios	  for	  likelihood	  of	  surgical	  treatment	  after	  accounting	  for	  insurance,	  clinical	  and	  non-­‐clinical	  factors.	  The	  authors	  showed	  significantly	  higher	  rates	  of	  surgery	  in	  patients	  with	  SCI,	  with	  insurance,	  and	  those	  presenting	  with	  shock,	  blunt	  trauma,	  higher	  Glasgow	  Coma	  Scale	  (GCS),	  those	  transferred	  from	  an	  outside	  facility	  and	  those	  treated	  at	  an	  academic	  medical	  center;	  white	  patients	  were	  also	  more	  likely	  to	  receive	  surgery	  for	  traumatic	  spine	  fracture,	  though	  this	  did	  not	  reach	  significant	  (p=	  0.018).	  Patients	  were	  significantly	  more	  likely	  to	  receive	  surgery	  for	  traumatic	  spine	  fracture	  if	  they	  were	  insured;	  this	  disparity	  in	  treatment	  has	  not	  been	  specifically	  associated	  with	  UCS	  fracture.	  Given	  the	  high	  morbidity	  and	  mortality	  of	  UCS	  injuries,	  it	  is	  of	  particular	  interest	  to	  determine	  whether	  non-­‐clinical	  factors	  (such	  as	  race,	  insurance	  status	  and	  department	  on	  spine	  call)	  may	  influence	  treatment	  of	  UCS	  fracture	  at	  Yale.	   Upper	  cervical	  spine	  fracture	  can	  involve	  one	  of	  many	  of	  the	  bony	  elements.	  The	  anatomy	  and	  function	  of	  the	  UCS	  is	  unique;	  a	  thorough	  review	  of	  the	  anatomy	  and	  injury	  classification	  is	  relevant	  to	  understanding	  the	  management	  of	  upper	  cervical	  spine	  injury.	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  Anatomy	  The	  occipital	  condyles	  are	  protuberences	  that	  sit	  inferior	  to	  the	  occiput	  and	  anterolateral	  to	  the	  foramen	  magnum.	  The	  convex	  condyles	  form	  the	  weight-­‐bearing	  articulation	  between	  the	  cranium	  and	  the	  spine	  through	  synovial	  pairings	  with	  the	  concave,	  oval	  superior	  facets	  of	  the	  lateral	  masses	  of	  the	  atlas	  (C1	  vertebrae).	  The	  lateral	  masses	  of	  the	  atlas	  are	  joined	  by	  the	  anterior	  and	  posterior	  arches	  to	  form	  a	  ring	  structure.	  The	  anterior	  arch	  has	  two	  structures	  of	  note:	  along	  the	  anterior	  surface	  in	  the	  midline	  on	  the	  anterior	  arch,	  the	  anterior	  tubercle	  serves	  as	  the	  attachment	  for	  the	  anterior	  longitudintal	  ligament	  and	  the	  longus	  colli	  muscles;	  meanwhile	  the	  posterior	  surface	  of	  the	  anterior	  arch	  has	  a	  circular	  facet,	  the	  fovea	  dentis,	  which	  articulates	  with	  the	  dens	  of	  C2.	  The	  posterior	  arch	  of	  the	  C1	  vertebrae	  hosts	  the	  diminutive	  posterior	  tubercle	  along	  its	  posterior	  surface,	  which	  is	  the	  attachment	  site	  for	  the	  ligamentum	  nuchae.	  The	  vertebral	  artery	  runs	  cephalad	  through	  the	  transverse	  foramen	  in	  the	  large	  transverse	  processes	  projecting	  laterally	  off	  the	  atlas,	  winds	  posteromedial	  around	  the	  lateral	  mass	  through	  the	  superior	  vertebral	  notch,	  which	  sits	  just	  posterior	  to	  the	  superior	  articular	  process;	  this	  groove	  also	  carries	  the	  first	  spinal	  nerve,	  and	  may	  be	  present	  as	  the	  arcuate	  foramen	  (a	  bony	  arch	  anatomic	  variant	  of	  the	  groove).	  Unlike	  other	  cervical	  vertebrae,	  C1	  has	  no	  body,	  no	  spinous	  process,	  and	  no	  vertebral	  discs.	  	   The	  inferior	  articular	  facets	  of	  the	  C1	  vertebrae	  are	  convex	  and	  smaller	  than	  their	  superior	  counterparts,	  and	  form	  synovial	  articulations	  with	  the	  superior	  facets	  of	  the	  axis	  (C2	  vertebrae).	  The	  body	  of	  C2	  large	  and,	  along	  with	  the	  thick	  pedicles	  and	  small	  transverse	  process	  of	  the	  axis,	  support	  the	  superior	  and	  inferior	  facets;	  the	  transverse	  processes	  also	  carry	  the	  vertebral	  artery	  through	  the	  bony	  vertebral	  foramen.	  The	  thick	  pedicles	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projecting	  posteriorly	  from	  the	  body	  also	  form	  part	  of	  the	  vertebral	  foramen,	  along	  with	  the	  thick	  laminae	  and	  the	  large,	  bifurcated	  spinous	  process	  projecting	  posteriorly	  at	  the	  midline.	  The	  most	  notable	  feature	  of	  C2	  is	  the	  odontoid	  process	  (the	  dens)	  that	  projects	  rostral	  from	  the	  body	  of	  C2	  and	  forms	  a	  synovial	  articulation	  between	  the	  small	  articular	  facet	  on	  the	  anterior	  aspect	  of	  the	  dens	  and	  the	  fovea	  dentis	  of	  C1.	  The	  posterior	  aspect	  of	  the	  dens	  has	  a	  groove	  which	  seats	  the	  transverse	  atlantal	  ligament,	  the	  strongest	  band	  of	  the	  cruciate	  ligament	  that	  arches	  between	  the	  small	  tubercles	  on	  the	  medial	  aspects	  of	  C1	  lateral	  masses	  and	  embraces	  the	  posterior	  aspect	  of	  the	  dens.	  	  	  The	  ligamentous	  structure	  of	  the	  craniocervical	  junction	  is	  essential	  to	  the	  stability	  of	  the	  structure.	  The	  ligaments	  are	  frequently	  grouped	  as	  extrinsic	  and	  intrinsic	  structures.	  The	  extrinsic	  ligaments	  include	  the	  ligamentum	  nuchae,	  fibroelastic	  membranes	  and	  the	  atlanto-­‐occipital	  and	  atlantoaxial	  joint	  capsules.	  The	  ligamentum	  nuchae	  extends	  from	  the	  posterior	  occiput	  protuberance	  to	  the	  posterior	  tubercle	  of	  the	  atlas	  and	  the	  spinous	  process	  of	  the	  subaxial	  vertebrae,	  while	  fibroelastic	  membranes	  form	  the	  cranial	  extension	  of	  the	  anterior	  longitudinal	  ligament,	  intervertebral	  discs	  and	  ligamentum	  flavum	  between	  the	  occiput,	  atlas	  and	  axis.	  	  	   Intrinsic	  ligaments	  are	  located	  within	  the	  spinal	  canal.	  Forming	  three	  layers,	  these	  structures	  include	  the	  tectorial	  membrane,	  the	  cruciate	  ligament,	  and	  the	  odontoid	  ligaments	  (the	  apical	  ligament	  and	  the	  paired	  alar	  ligaments).	  The	  most	  posterior	  layer	  is	  the	  tectorial	  membrane,	  which	  is	  a	  continuation	  of	  the	  posterior	  longitudinal	  ligament	  in	  the	  craniocervical	  region,	  connecting	  the	  posterior	  body	  of	  the	  axis	  to	  the	  anterior	  aspect	  of	  the	  foramen	  magnum.	  The	  cruciate	  ligament	  sits	  between	  posterior	  dens	  and	  the	  tectorial	  membrane.	  The	  transverse	  atlantal	  ligament	  is	  strongest	  portion	  of	  the	  cruciate	  ligament,	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as	  described	  above;	  it	  also	  contains	  fascicles	  projecting	  superiorly	  to	  the	  anterior	  region	  of	  the	  foramen	  magnum,	  and	  inferiorly	  to	  the	  posterior	  aspect	  of	  the	  axis	  body.	  The	  odontoid	  ligaments	  sit	  anterior	  to	  the	  cruciate	  ligament	  on	  the	  tip	  of	  the	  dens.	  The	  alar	  ligaments	  are	  thick	  bands	  connecting	  the	  odontoid	  to	  the	  paired	  occipital	  condyles,	  while	  the	  singular	  apical	  ligament	  connects	  the	  apex	  of	  the	  dens	  to	  the	  anterior	  foramen	  magnum.	  	  The	  tectorial	  membrane,	  transverse	  ligament	  and	  alar	  ligaments	  are	  key	  stabilizing	  structures	  for	  the	  craniocervical	  junction17,18.	  	  	  
Common	  fracture	  classifications	  C1	  Atlas	  Sir	  Geoffrey	  Jefferson	  was	  the	  first	  to	  propose	  the	  mechanism	  of	  injury	  and	  detail	  fracture	  patterns	  of	  the	  C1	  vertebrae19.	  Multiple	  classification	  systems	  have	  been	  developed	  and	  modified	  since	  Jefferson’s	  original	  work,	  and	  although	  no	  system	  is	  universally	  applied	  the	  Jefferson	  classification	  system	  for	  C1	  fracture	  is	  undoubtedly	  the	  most	  common.	  	  Jefferson	  Type	  I	  fracture	  can	  be	  described	  as	  an	  isolated	  anterior	  arch	  (also	  known	  as	  blowout	  fractures)	  or	  isolated	  posterior	  arch	  fracture.	  Posterior	  arch	  fracture	  result	  from	  hyperextension;	  these	  injuries	  are	  considered	  stable	  as	  long	  as	  there	  are	  no	  concurrent	  injuries	  to	  the	  transverse	  ligament	  and	  Level	  3	  evidence	  supports	  the	  use	  of	  cervical	  collar	  as	  primary	  management3.	  	  Jefferson	  Type	  II	  fractures	  are	  known	  as	  burst	  or	  Jefferson	  fractures	  which	  is	  a	  combination	  of	  anterior	  and	  posterior	  arch	  fractures.	  This	  pattern	  is	  seen	  as	  the	  result	  of	  symmetric	  axial	  loading,	  and	  unlike	  the	  stable	  Type	  1	  fractures,	  can	  result	  in	  lateral	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translation	  of	  one	  or	  both	  lateral	  masses.	  These	  injuries	  are	  considered	  stable	  if	  there	  is	  no	  injury	  to	  the	  transverse	  ligament,	  and	  the	  best	  available	  evidence	  suggests	  that	  collar	  or	  halo	  immobilization	  should	  be	  the	  primary	  treatment	  for	  these	  fractures3.	  If	  there	  is	  injury	  to	  the	  transverse	  ligament	  in	  a	  Type	  2	  burst	  fracture,	  the	  injury	  is	  unstable	  and	  necessitates	  surgical	  management.	  	  Jefferson	  Type	  III	  fractures	  are	  the	  result	  of	  asymmetrical	  axial	  loading,	  and	  are	  defined	  by	  unilateral	  fracture	  through	  both	  the	  anterior	  arch,	  lateral	  mass,	  or	  posterior	  arch,	  essentially	  creating	  a	  fragment	  of	  the	  lateral	  mass	  that	  can	  displace.	  Current	  guidelines	  suggest	  collar	  or	  halo	  immobilization	  of	  these	  injuries,	  based	  on	  Level	  3	  evidence3.	  C2	  Axis	  Fractures	  of	  C2	  can	  be	  divided	  into	  three	  subtypes.	  Fractures	  of	  the	  odontoid	  process	  are	  the	  most	  common	  axis	  fracture	  type.	  The	  second	  most	  common	  axis	  fracture	  pattern	  is	  traumatic	  spondylosithesis	  (Hangman’s	  fracture),	  also	  defined	  as	  bilateral	  fracture	  through	  the	  pars	  interarticularis	  or	  facets,	  effectively	  separating	  the	  neural	  arch	  from	  the	  vertebral	  body.	  Non-­‐odontoid	  non-­‐Hangman’s	  fractures	  make	  up	  the	  remaining	  volume	  of	  axis	  fractures,	  and	  include	  flexion	  teardrop	  and	  extension	  teardrop	  injuries.	  	  The	  Anderson	  and	  D’Alonzo	  classification	  is	  commonly	  used	  to	  describe	  fractures	  of	  the	  dens20.	  Type	  I	  is	  an	  obliquely-­‐oriented	  avulsion	  fracture	  at	  the	  tip	  of	  the	  odontoid	  above	  the	  transverse	  ligament,	  and	  is	  generally	  due	  to	  traction	  on	  the	  apical	  and/or	  alar	  ligaments.	  Type	  I	  fractures	  are	  usually	  considered	  stable	  and	  can	  be	  managed	  successfully	  with	  collar	  immobilization1,2;	  studies	  have	  shown	  a	  100%	  union	  rate	  of	  Type	  I	  odontoid	  fractures	  treated	  with	  collar	  immobilization21,	  though	  these	  fractures	  also	  have	  a	  100%	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union	  rate	  when	  treated	  with	  traction,	  halo,	  or	  posterior	  spinal	  fusion.	  The	  rare	  case	  of	  Type	  I	  instability	  may	  result	  as	  part	  of	  an	  occipital-­‐cervical	  dislocation	  with	  disruption	  of	  the	  alar	  ligaments,	  and	  may	  require	  occiput-­‐C2	  arthrodesis22.	  	  Type	  II	  is	  the	  most	  common	  odontoid	  fracture,	  and	  occurs	  at	  the	  base	  of	  the	  odontoid	  where	  the	  process	  attaches	  to	  the	  body	  of	  C2.	  As	  this	  is	  a	  watershed	  area,	  Type	  II	  fractures	  are	  notoriously	  difficult	  to	  heal	  with	  high	  rates	  of	  nonunion.	  When	  treated	  in	  cervical	  collar,	  nonunion	  rates	  are	  above	  50%23.	  	  In	  case	  series	  reviews	  and	  prospective	  research	  regarding	  halo	  immobilization	  for	  Type	  II	  dens	  fracture,	  union	  rates	  range	  from	  72%	  to	  84%	  24,25:	  for	  Type	  II	  fractures,	  dens	  displacement	  over	  2mm	  is	  correlated	  with	  higher	  rates	  of	  nonunion	  in	  halo	  immobilization,	  as	  is	  age	  and	  delay	  of	  treatment6,24..	  Operative	  treatment	  for	  acute	  Type	  II	  dens	  fractures	  increases	  fusion	  rates	  compared	  to	  external	  immobilization,	  and	  it	  is	  recommended	  that	  surgery	  be	  considered	  for	  older	  patients,	  those	  with	  large	  displacement	  of	  the	  dens	  (generally	  4	  to	  6mm)	  and	  those	  with	  posterior	  displacement	  of	  the	  dens,	  which	  may	  impinge	  on	  neural	  structures2.	  Posterior	  and	  anterior	  approaches	  are	  considered	  safe	  in	  all	  age	  groups,	  resulting	  in	  fusion	  rates	  between	  87%	  and	  94%2,26,27.	  Morbidity	  and	  mortality	  are	  equivocally	  high	  in	  elderly	  patients	  with	  Type	  II	  dens	  fractures,	  regardless	  of	  operative	  or	  nonoperative	  treatment28-­‐30.	  It	  has	  been	  established	  that	  halo	  immobilization	  may	  increase	  the	  risk	  of	  complications	  or	  death:	  elderly	  patients	  have	  a	  four-­‐fold	  higher	  mortality	  rate	  following	  halo	  immobilization	  for	  any	  cervical	  fracture,	  and	  this	  treatment	  is	  not	  recommended	  if	  alternative	  management	  is	  available	  for	  Type	  II	  dens	  fractures28.	  	  Type	  III	  fractures	  extends	  through	  the	  body	  of	  the	  axis	  with	  a	  resultant	  detachment	  of	  the	  odontoid	  process	  from	  C2	  body;	  this	  fracture	  can	  also	  extend	  superiorly	  to	  include	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portions	  of	  the	  C1/C2	  articulations.	  Cervical	  collar	  treatment	  of	  Type	  III	  fracture	  results	  in	  higher	  union	  rates	  than	  with	  Type	  II	  fractures,	  though	  the	  incidence	  of	  nonunion	  may	  be	  as	  high	  as	  50%6.	  Halo	  immobilization	  results	  in	  acceptable	  rates	  of	  fusion	  for	  Type	  III	  dens	  fractures24;	  surgical	  stabilization	  is	  recommended	  for	  those	  with	  significant	  displacement	  of	  the	  dens	  (over	  5mm)	  or	  an	  inability	  to	  maintain	  reduction	  in	  external	  immobilization2,27.	  A	  separate	  classification	  system	  exists	  for	  fractures	  of	  the	  axis	  neural	  arch.	  Known	  as	  Hangman’s	  fractures,	  this	  term	  is	  actually	  a	  misnomer:	  hanging	  results	  in	  hyperextension	  and	  distraction,	  while	  the	  fracture	  patterns	  of	  C2	  are	  typically	  as	  a	  result	  of	  hyperextension	  and	  axial	  loading	  which	  result	  in	  fracture	  of	  the	  pars	  and	  is	  more	  correctly	  described	  as	  traumatic	  spondylolisthesis17;	  more	  complex	  patterns	  result	  from	  rebound	  flexion	  and	  distraction.	  The	  most	  common	  classification	  system	  was	  described	  by	  Levine	  and	  Edwards	  in	  1985,	  and	  is	  an	  expansion	  on	  the	  work	  by	  Effendi	  et	  al.	  in	  198131,32.	  The	  Levine	  and	  Edwards	  classification	  describes	  four	  patterns	  that	  are	  delineated	  by	  the	  translation	  and	  angulation	  of	  C2	  in	  relation	  to	  C3.	  	  Type	  1	  describes	  bilateral	  pars	  fractures	  with	  minimal	  (<3mm)	  translation	  and	  no	  angulation;	  as	  these	  injuries	  leave	  the	  ligamentous	  structures	  intact	  Type	  I	  fractures	  are	  considered	  stable	  and	  can	  be	  treated	  by	  collar	  immobilization,	  with	  a	  90%	  union	  rate	  31.	  Type	  II	  fractures	  are	  vertical	  pars	  fractures	  that	  result	  in	  >3mm	  translation	  and	  significant	  angulation;	  the	  PLL	  between	  C2-­‐C3	  is	  disrupted	  and	  ALL	  may	  also	  be	  avulsed.	  Type	  IIA	  fractures	  are	  pars	  fractures	  with	  oblique	  orientation	  that	  may	  result	  in	  minimal	  translation,	  but	  significant	  angulation.	  Type	  II	  injuries	  require	  gentle	  reduction	  through	  traction	  and	  extension;	  in	  contrast,	  traction	  will	  cause	  distraction	  in	  Type	  IIA	  injuries	  and	  should	  be	  avoided.	  Type	  IIA	  requires	  extension	  and	  a	  gentle	  axial	  load	  for	  reduction.	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Following	  reduction,	  Type	  II	  fractures	  can	  be	  immobilized	  using	  halo	  vest	  for	  6	  to	  8	  weeks	  to	  maintain	  alignment.	  Though	  surgical	  stabilization	  can	  be	  considered,	  Type	  II	  fractures	  typically	  heal	  well	  under	  conservative	  management	  and	  often	  spontaneously	  fuse31.	  	  Type	  III	  injuries	  are	  fractures	  are	  pars	  fractures	  with	  dislocation	  of	  the	  C2-­‐C3	  facets	  joints.	  This	  pattern	  is	  the	  result	  of	  flexion	  causing	  facet	  joint	  dislocation,	  then	  a	  combination	  of	  hyperextension	  and	  axial	  load	  resulting	  in	  fracture17.	  Type	  III	  injuries	  are	  considered	  unstable,	  have	  the	  highest	  association	  with	  neurological	  injury,	  and	  mandate	  surgical	  reduction	  and	  stabilization	  via	  wiring	  or	  plating	  techniques33.	  The	  research	  we	  are	  undertaking	  seeks	  to	  answer	  many	  questions	  regarding	  the	  prevalence,	  management	  and	  outcome	  of	  upper	  cervical	  spine	  fractures.	  As	  a	  Level	  1	  trauma	  center	  with	  co-­‐departmental	  management	  of	  spine	  service,	  the	  outcomes	  of	  this	  research	  may	  be	  of	  particular	  interest	  to	  healthcare	  centers	  with	  similar	  spine	  trauma	  service.	  By	  creating	  a	  database	  of	  all	  upper	  cervical	  spine	  fractures	  at	  Yale,	  we	  have	  curated	  information	  on	  variables	  such	  as	  patient	  and	  provider	  departments,	  injury	  mechanism,	  fracture	  patterns,	  conjoint	  injuries,	  patient	  comorbidities,	  management,	  surgeries,	  follow-­‐ups	  and	  outcomes.	  	  
Methods	  	  This	  study	  was	  performed	  in	  accordance	  with	  ethical	  guidelines	  and	  with	  IRB	  approval.	  For	  the	  purpose	  of	  this	  study,	  upper	  cervical	  spine	  fracture	  was	  defined	  as	  at	  least	  one	  of	  the	  following:	  atlas	  (C1)	  fracture	  or	  dislocation;	  axis	  (c2)	  fracture	  or	  dislocation.	  Excel	  (Microsoft,	  version	  14.2.3)	  and	  SPSS	  (IBM,	  version	  19)	  were	  used	  for	  handling	  data	  and	  statistical	  analysis.	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Data	  Source	  Yale	  New	  Haven	  Hospital	  medical	  records	  from	  2002	  to	  2013	  were	  queried	  for	  patients	  with	  any	  single	  or	  combination	  of	  the	  following	  ICD-­‐9	  codes	  in	  Table	  A.	  The	  records	  query	  resulted	  in	  information	  including	  MRN;	  age;	  providers	  during	  admission;	  dates	  and	  times	  involved	  in	  the	  admission;	  and	  ICD-­‐9	  codes	  relevant	  to	  procedures	  required	  during	  the	  admission.	  	  
Table	  A:	  ICD-­‐9	  codes	  and	  descriptions	  
ICD-­‐9	  Code	   Code	  Description	  
805.00	   Closed	  fracture	  of	  cervical	  vertebrae,	  unspecified	  level	  
805.01	   Closed	  fracture	  of	  first	  cervical	  vertebrae	  
805.02	   Closed	  fracture	  of	  second	  cervical	  vertebrae	  
805.10	   Open	  fracture	  of	  cervical	  vertebrae,	  unspecified	  level	  
805.11	   Open	  fracture	  of	  first	  cervical	  vertebrae	  
805.12	   Open	  fracture	  of	  second	  cervical	  vertebrae	  
806.00	   Closed	  fracture	  of	  C1-­‐C4	  level	  with	  unspecified	  spinal	  cord	  injury	  
806.01	   Closed	  fracture	  of	  C1-­‐C4	  level	  with	  complete	  lesion	  of	  cord	  
806.02	   Closed	  fracture	  of	  C1-­‐C4	  level	  with	  anterior	  cord	  syndrome	  
806.03	   Closed	  fracture	  of	  C1-­‐C4	  level	  with	  central	  cord	  syndrome	  
806.04	   Closed	  fracture	  of	  C1-­‐C4	  level	  with	  other	  unspecified	  spinal	  cord	  injury	  
806.10	   Open	  fracture	  of	  C1-­‐C4	  level	  with	  unspecified	  spinal	  cord	  injury	  
806.11	   Open	  fracture	  of	  C1-­‐C4	  level	  with	  complete	  lesion	  of	  cord	  
806.12	   Open	  fracture	  of	  C1-­‐C4	  level	  with	  anterior	  cord	  syndrome	  
806.13	   Open	  fracture	  of	  C1-­‐C4	  level	  with	  central	  cord	  syndrome	  
806.14	   Open	  fracture	  of	  C1-­‐C4	  level	  with	  other	  unspecified	  spinal	  cord	  injury	  
839.00	   Closed	  dislocation	  cervical	  vertebrae	  unspecified	  
839.01	   Closed	  dislocation	  first	  cervical	  vertebrae	  	  
839.02	   Closed	  dislocation	  second	  cervical	  vertebrae	  	  
839.10	   Open	  dislocation	  cervical	  vertebrae	  unspecified	  
839.11	   Open	  dislocation	  first	  cervical	  vertebrae	  	  
839.12	   Open	  dislocation	  second	  cervical	  vertebrae	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Exclusion	  criteria	  The	  resultant	  patient	  records	  were	  carefully	  investigated,	  and	  any	  patient	  without	  atlas,	  axis	  or	  dens	  fracture	  described	  in	  radiology	  reports	  was	  excluded	  from	  the	  study.	  	  	  
Data	  Elements	  For	  all	  patients	  meeting	  selection	  criteria,	  the	  following	  information	  was	  abstracted	  from	  each	  chart.	  Demographic	  information	  was	  obtained	  including	  sex	  and	  age	  at	  time	  of	  injury.	  Race	  was	  classified	  as	  white,	  black,	  Hispanic	  or	  other,	  according	  to	  available	  charting	  options.	  Insurance	  status	  and	  specific	  provider	  were	  noted,	  and	  subsequently	  classified	  as	  uninsured	  (self-­‐pay,	  no	  insurance),	  private	  insured	  (private;	  commercial;	  Blue	  Cross;	  automobile)	  or	  government	  insured	  (Medicare;	  Medicaid;	  worker’s	  compensation;	  other	  government	  coverage).	  General	  health	  factors	  correlated	  with	  poor	  outcomes	  were	  gathered,	  including	  smoking	  status	  at	  time	  of	  injury	  (noted	  as	  current,	  former	  or	  never	  smoker);	  history	  of	  alcoholism;	  BMI	  at	  time	  of	  injury	  and	  comorbidities	  at	  time	  of	  injury.	  	  Comorbidities	  were	  listed	  and	  subsequently	  coded	  into	  the	  following	  categories:	  vascular,	  infectious	  disease,	  pulmonary,	  renal,	  cardiovascular,	  gastrointestinal,	  rheumatologic,	  oncologic,	  urologic,	  endocrine,	  musculoskeletal,	  neurological	  and	  psychiatric.	  The	  Charlston	  Comorbidity	  score	  was	  calculated	  according	  to	  Charlson	  et	  al.	  34.	  The	  Charlson	  comorbidity	  index	  (CCI)	  classifies	  patients	  according	  to	  prognostic	  comorbidity:	  19	  disease	  categories	  are	  assigned	  a	  weighted	  score,	  and	  the	  sum	  of	  the	  score	  per	  patient	  is	  used	  to	  classify	  basic	  comorbid	  status.	  Both	  age	  and	  comorbid	  disease	  predicts	  probability	  of	  death:	  by	  combining	  age	  and	  Charlson	  comorbidy	  score	  into	  a	  single	  index,	  it	  predicts	  10-­‐
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year	  survival	  and	  has	  been	  validated	  in	  a	  variety	  of	  conditions.	  Because	  age	  was	  an	  independent	  variable	  in	  our	  study,	  we	  calculated	  CCI	  unadjusted	  for	  age.	  Temporal	  information	  regarding	  hospital	  flow	  was	  gathered	  from	  medical	  records,	  including	  the	  date	  of	  injury	  and	  time	  of	  ED	  presentation;	  time	  of	  arrival	  of	  admitting	  attending;	  time	  of	  arrival	  of	  spine	  provider;	  time	  of	  ED	  discharge;	  and	  date	  and	  time	  of	  hospital	  discharge;	  all	  providers	  for	  the	  patient	  during	  the	  course	  of	  admission;	  and	  all	  procedure	  codes	  for	  any	  procedures	  during	  the	  admission.	  Any	  delay	  in	  patient	  presentation	  to	  hospital	  following	  injury	  was	  noted	  in	  approximate	  hours,	  according	  to	  physician	  notes.	  From	  this	  information,	  we	  calculated	  the	  time	  from	  ED	  presentation	  to	  arrival	  of	  the	  spine	  team	  on	  call;	  the	  length	  of	  time	  in	  the	  ED	  in	  hours;	  and	  the	  length	  of	  hospital	  stay	  in	  days.	  The	  department	  on	  spine	  call	  during	  the	  admission	  was	  noted;	  at	  Yale	  New	  Haven	  Hospital,	  spine	  call	  varies	  between	  Orthopaedics	  and	  Neurosurgery	  and	  due	  to	  the	  traumatic	  nature	  of	  UCS	  fracture,	  patients	  are	  often	  seen	  by	  providers	  from	  both	  departments	  for	  concurrent	  injuries.	  	  	  Injury	  information	  was	  gathered	  from	  physician	  notes	  and	  classified	  as	  one	  of	  the	  following:	  fall	  from	  standing	  height	  (or	  less);	  fall	  from	  elevation;	  motor	  vehicle	  collision;	  impact	  to	  head	  or	  neck	  (including	  diving,	  bicycling	  accident);	  penetrating	  trauma	  to	  neck,	  pathologic;	  or	  idiopathic.	  If	  concurrent	  unilateral	  occipital	  condyle	  fracture	  or	  bilateral	  occipital	  condyle	  fracture	  was	  present,	  the	  specific	  occipital	  condyle	  fracture	  was	  classified.	  All	  other	  injuries	  identified	  on	  presentation	  were	  listed	  and	  classified	  into	  the	  following	  categories:	  vascular;	  pulmonary;	  renal;	  cardiovascular;	  musculoskeletal	  (including	  facial	  fracture);	  and	  neurological.	  GCS	  on	  presentation	  was	  noted	  according	  to	  trauma	  physician	  notes,	  as	  well	  as	  whether	  intubation	  was	  necessary	  at	  any	  time	  prior	  or	  during	  time	  in	  ED.	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Based	  on	  physician	  notes	  and	  radiology	  reports,	  the	  Abbreviated	  Injury	  Scale	  was	  used	  to	  develop	  an	  Abbreviated	  Injury	  Score	  for	  6	  general	  regions	  of	  the	  body,	  and	  Injury	  Severity	  Score	  (ISS)	  was	  then	  calculated	  according	  to	  standard	  procedure35.	  Detailed	  information	  was	  gathered	  on	  each	  specific	  fractures	  of	  upper	  cervical	  spine	  in	  each	  patient.	  Based	  on	  physician	  notes,	  radiology	  notes	  and	  available	  imaging,	  each	  fracture	  was	  classified	  according	  to	  common	  systems	  as	  described	  in	  the	  Introduction	  section.	  Ligamentous	  injury	  of	  the	  upper	  cervical	  spine	  was	  noted	  if	  present,	  according	  to	  radiology	  notes,	  images	  and	  any	  intraoperative	  findings.	  	  Image	  modalities	  used	  in	  each	  patient	  during	  the	  admission	  were	  noted,	  excluding	  radiographs.	  All	  other	  spine	  fractures	  identified	  were	  classified	  as	  other	  cervical	  spine	  fracture,	  thoracic	  spine	  fracture	  or	  lumbar	  spine	  fracture;	  details	  of	  these	  other	  spine	  fractures	  were	  listed.	  The	  presence	  and	  details	  of	  neurological	  symptoms	  were	  gathered	  from	  physician	  notes.	  	  The	  primary	  management	  for	  each	  patient	  with	  UCS	  fracture	  was	  classified	  as	  rigid	  collar,	  halo,	  or	  surgical.	  	  If	  a	  halo	  was	  applied,	  the	  date	  of	  halo	  application	  was	  noted;	  if	  surgical	  intervention	  was	  undertaken,	  the	  date	  of	  procedure	  was	  noted.	  	  If	  surgery	  was	  undertaken	  at	  any	  point,	  data	  was	  gathered	  on	  the	  primary	  surgeon;	  presence	  of	  a	  resident;	  and	  exact	  surgical	  intervention.	  Intraoperative	  data	  was	  gathered	  from	  the	  surgical	  note	  including	  the	  use	  of	  autograft	  or	  allograft;	  somatosensory	  evoked	  potentials	  for	  intraoperative	  spinal	  monitoring;	  drain	  placement;	  and	  estimated	  EBL.	  Any	  major	  complication	  following	  surgery	  was	  noted.	  	  Outcome	  data	  was	  gathered	  for	  each	  of	  the	  three	  categories	  of	  primary	  management.	  The	  date	  of	  each	  follow-­‐up	  note	  and	  the	  imaging	  modality	  ordered	  at	  each	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follow-­‐up	  appointment	  was	  gathered	  according	  to	  records.	  Data	  regarding	  increased	  pain,	  new	  neurological	  deficits,	  or	  displacement	  of	  fragments	  on	  imaging	  was	  noted.	  	  Nonunion/	  pseudoarthrosis	  or	  osseous	  healing	  at	  any	  subsequent	  follow-­‐up	  was	  noted	  according	  to	  radiology	  and	  physician	  notes.	  	  Osseous	  healing	  was	  defined	  by	  imaging	  within	  9	  months	  post-­‐injury	  that	  was	  read	  as	  healed.	  Delayed	  union	  was	  defined	  by	  imaging	  showing	  nonunion	  at	  3	  months	  post-­‐injury,	  with	  little	  progression	  over	  2	  months,	  or	  as	  an	  image	  read	  by	  radiology	  as	  delayed	  union	  at	  anytime	  before	  the	  3-­‐month	  post-­‐injury	  timepoint.	  Nonunion	  was	  defined	  by	  imaging	  after	  9	  months	  showing	  a	  lack	  of	  osseous	  healing.	  	  
Data	  Analysis	  Descriptive	  statistics	  were	  used	  to	  analyze	  the	  entire	  UCS	  fracture	  cohort;	  race	  cohorts	  stratified	  as	  white	  and	  nonwhite;	  insurance	  cohorts	  stratified	  as	  no	  insurance,	  government	  insurance	  or	  commercial	  insurance	  as	  the	  primary	  payer.	  Independent	  2-­‐tailed	  t-­‐tests	  were	  used	  to	  compare	  the	  means	  of	  continuous	  variables	  between	  cohorts;	  odds	  ratios	  were	  used	  to	  assess	  factors	  as	  independent	  risk	  variables	  between	  cohorts.	  Some	  variables	  were	  analyzed	  as	  both	  scale	  and	  stratified	  variables:	  age	  was	  stratified	  as	  young	  (under	  65)	  and	  old	  (65	  and	  over);	  CCI	  was	  stratified	  as	  low	  (CCI=	  0)	  and	  high	  (CCI=	  1	  or	  greater);	  ISS	  was	  stratified	  as	  low	  (ISS=	  9	  or	  less)	  and	  high	  (ISS=	  10	  or	  greater);	  mechanism	  of	  injury	  was	  stratified	  as	  low	  energy	  (fall	  from	  standing	  height,	  idiopathic	  or	  pathologic)	  and	  high	  energy	  (fall	  from	  elevation,	  MVC,	  impact	  to	  head	  or	  neck	  or	  penetrating	  trauma).	  	  We	  used	  logistic	  regression	  to	  analyze	  the	  association	  between	  baseline	  variables	  to	  describe	  differences	  between	  racial	  and	  insurance	  cohorts;	  logistic	  regression	  was	  also	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used	  to	  analyze	  the	  effect	  of	  racial	  and	  insurance	  factors	  on	  management	  and	  outcomes	  variables.	  	  Using	  descriptive	  statistics	  and	  logistic	  regression,	  we	  compared	  patient	  based	  on	  the	  managing	  department	  on	  spine	  call	  to	  analyze	  differences	  in	  use	  of	  imaging,	  treatment	  modality	  and	  follow-­‐up.	  We	  further	  analyzed	  the	  risk	  of	  ligamentous	  injury	  in	  each	  specific	  fracture	  pattern,	  and	  the	  effect	  of	  ligamentous	  injury	  on	  treatment	  decisions.	  We	  analyzed	  factors	  affecting	  risk	  of	  dying	  in	  hospital	  during	  admission	  for	  UCS	  fracture.	  Finally	  we	  analyzed	  factors	  that	  affect	  the	  decision	  to	  treat	  initially	  with	  collar,	  halo	  or	  surgery;	  we	  also	  investigated	  factors	  that	  affect	  the	  decision	  to	  use	  each	  treatment	  modality	  as	  definitive	  management.	  	  
Results	  
Descriptive	  Statistics	  Of	  the	  available	  records,	  we	  analyzed	  239	  consecutive	  cases	  by	  the	  time	  of	  publication.	  Based	  on	  medical	  record,	  we	  were	  able	  to	  exclude	  20	  cases	  with	  either	  no	  recorded	  UCS	  fracture	  or	  a	  subaxial	  spine	  fracture;	  one	  case	  was	  excluded	  as	  the	  record	  contained	  insufficient	  details	  about	  the	  UCS	  fracture	  pattern.	  218	  patients	  remained	  in	  the	  analysis.	  	   Of	  the	  all	  patients	  remaining	  in	  the	  analysis,	  110	  were	  female	  and	  108	  were	  male,	  representing	  50.5%	  and	  49.5%	  respectively.	  The	  mean	  patient	  age	  at	  injury	  was	  69	  years	  (SD=	  21.6),	  ranging	  from	  age	  4	  to	  age	  101.	  Grouped	  according	  to	  decade,	  the	  largest	  proportion	  of	  patients	  were	  between	  the	  ages	  of	  70-­‐89	  (n=	  68);	  every	  other	  age	  group	  had	  less	  than	  half	  of	  this	  number	  of	  patients	  (30	  patients	  age	  70-­‐79;	  28	  patients	  age	  90-­‐99).	  In	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all,	  patients	  under	  the	  age	  of	  60	  represented	  only	  29.4%	  of	  the	  entire	  study	  population.	  Gender	  was	  related	  to	  age,	  with	  males	  (mean=	  62.99	  years;	  SD=	  23.13)	  being	  significantly	  younger	  than	  females	  (mean=	  74.88;	  SD=	  18.289).	  When	  stratified	  as	  64	  and	  under	  and	  above	  65,	  this	  significant	  difference	  in	  age	  persisted	  between	  genders	  (OR=	  0.36;	  CI	  95%=	  0.20-­‐0.65;	  x2=	  12.20;	  p=	  0.00).
	  
Figure	  1:	  Age	  distribution	  of	  patients	  presenting	  with	  UCS	  at	  Yale	  New	  Haven	  Hospital	  	   The	  majority	  of	  these	  patients	  were	  white	  (n=	  187,	  representing	  85.8%	  of	  the	  population).	  12	  (5.5%)	  patients	  were	  black,	  11	  (5.0%)	  were	  Hispanic,	  and	  7	  (3.2%)	  were	  recorded	  as	  other.	  One	  patient	  declined	  the	  intake	  question	  and	  race	  was	  not	  recorded.	  	  	   The	  primary	  payer	  insurance	  was	  governmental	  for	  150	  patients	  (n=	  150)	  though	  69	  of	  these	  had	  private	  supplemental	  coverage.	  41	  patients	  had	  private	  or	  commercial	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coverage	  (18.8%),	  while	  20	  patients	  had	  no	  insurance	  coverage	  at	  admission	  (9.2%).	  7	  patients	  had	  no	  recorded	  insurance	  coverage	  (3.2%).	  	   BMI	  was	  listed	  for	  177	  patients;	  the	  mean	  BMI	  was	  33.9	  (SD=	  6.41).	  36	  patients	  were	  noted	  to	  have	  a	  medical	  history	  significant	  for	  alcoholism	  (16.5%).	  92	  patients	  were	  non-­‐smokers	  (42.2%),	  while	  51	  (23.4%)	  were	  former	  smokers	  and	  39	  (17.9%)	  ere	  current	  smokers.	  36	  patients	  (16.5%)	  had	  no	  smoking	  status	  on	  record.	  79	  patients	  (36.2%)	  had	  a	  CCI	  score	  of	  0	  on	  admission;	  57	  patients	  (26.3%)	  had	  a	  CCI	  score	  of	  3	  or	  greater,	  with	  only	  9	  patients	  (4.2%)	  having	  a	  CCI	  score	  over	  5.	  	  During	  admission	  for	  an	  identified	  UCS	  fracture,	  111	  (50.9%)	  were	  transferred	  from	  another	  hospital	  to	  the	  YNHH	  ED.	  Orthopaedics	  department	  was	  primary	  spine	  call	  for	  106	  (48.6%)	  of	  the	  cases;	  38	  of	  the	  218	  patients	  (17.9%)	  were	  eventually	  seen	  by	  both	  the	  orthopaedic	  service	  and	  neurosurgery	  service	  for	  concurrent	  injuries.	  116	  patients	  (53.2%)	  had	  a	  fall	  from	  standing	  height	  recorded	  as	  the	  mechanism	  of	  injury.	  Only	  1	  (0.5%)	  had	  penetrating	  neck	  trauma,	  and	  1	  (0.5%)	  patient	  had	  a	  pathologic	  UCS	  fracture.	  All	  other	  patients	  had	  high	  energy	  mechanisms	  of	  injury,	  including	  MVC	  (n=50,	  22.9%);	  fall	  from	  elevation	  (n=	  39,	  17.9%);	  or	  other	  impact	  to	  the	  head	  and	  neck	  (n=5,	  2.3%).	  6	  patients	  did	  not	  have	  a	  recorded	  mechanism	  of	  injury.	  22	  patients	  had	  a	  delay	  from	  injury	  to	  presentation	  at	  an	  ED.	  Of	  those	  with	  a	  delay	  in	  presentation,	  the	  mean	  delay	  was	  66.5	  hours,	  ranging	  from	  12	  hours	  to	  14	  days.	  24	  (11%)	  patients	  were	  under	  the	  influence	  of	  alcohol	  at	  the	  time	  of	  injury	  as	  per	  patient	  report	  or	  blood	  alcohol	  content	  over	  0.04	  upon	  admission.	  The	  majority	  of	  patients	  had	  a	  GCS	  of	  15	  in	  the	  ED	  (n=157,	  72.0%)	  with	  188	  patients	  above	  a	  GCS	  of	  8	  (86.3%).	  7	  patients	  had	  a	  GCS	  of	  3	  on	  admission	  (3.4%);	  GCS	  data,	  or	  information	  necessary	  to	  accurately	  calculate	  GCS	  on	  admission,	  was	  absent	  in	  14	  charts	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(6.4%).	  28	  patients	  (12.8%)	  required	  intubation	  in	  the	  field	  or	  in	  the	  ED	  for	  compromised	  respiratory	  status.	  The	  mean	  ISS	  score	  was	  13.2	  (SD=	  9.1)	  with	  ISS	  ranging	  from	  4	  to	  75.	  On	  average,	  patients	  spent	  5.7	  hours	  in	  the	  ED	  (SD=	  3.2,	  min=	  0.72,	  max=	  15.7).	  200	  (91.7%)	  patients	  received	  a	  CT	  of	  the	  UCS	  at	  YNHH	  during	  the	  admission	  for	  UCS	  fracture,	  while	  59	  (27.1%)	  received	  a	  CTA.	  139	  (63.8%)	  received	  an	  MR,	  while	  44	  (20.2%)	  received	  an	  MRA.	  	   Ligamentous	  injury	  was	  identified	  in	  89	  of	  the	  139	  patients	  who	  received	  an	  MR.	  Of	  patients	  who	  were	  able	  to	  participate	  in	  neurological	  testing	  with	  a	  GCS	  above	  8,	  27	  were	  found	  to	  have	  neurological	  symptoms	  either	  in	  the	  ED	  or	  at	  some	  point	  during	  admission	  that	  were	  not	  believed	  to	  be	  due	  to	  head	  trauma;	  25	  of	  these	  patients	  with	  neurologic	  symptoms	  had	  symptoms	  attributable	  to	  injury	  of	  the	  cervical	  spinal	  cord.	  Other	  spine	  fractures	  were	  common:	  22	  patients	  had	  at	  least	  one	  subaxial	  spine	  fracture,	  21	  had	  at	  least	  one	  fracture	  of	  the	  thoracic	  spine,	  and	  13	  had	  at	  least	  one	  fracture	  of	  the	  lumbar	  spine.	   81	  patients	  had	  at	  least	  one	  atlas	  fracture.	  C1	  Type	  1	  was	  most	  common	  of	  all	  atlas	  fractures	  (n=	  36),	  followed	  by	  C1	  Type	  2	  (n=	  17),	  C1	  Type	  3	  (n=	  15),	  and	  other	  atlas	  fractures	  (n=	  13).	  173	  patients	  had	  at	  least	  one	  axis	  fracture.	  120	  patients	  had	  a	  dens	  fracture,	  with	  58	  had	  at	  least	  one	  non-­‐dens	  C2	  fracture	  and	  4	  patients	  having	  both	  a	  dens	  and	  non-­‐dens	  C2	  fracture.	  Of	  patients	  with	  a	  dens	  fracture,	  the	  majority	  were	  Type	  2	  fractures	  according	  to	  the	  Anderson	  and	  Alonzo	  classification	  system	  (n=	  71);	  42	  patients	  had	  a	  Type	  3	  dens	  fracture,	  7	  were	  found	  to	  have	  a	  Type	  1	  dens	  fracture.	  Only	  24	  patients	  had	  a	  fracture	  that	  could	  be	  classified	  according	  to	  the	  Levine	  and	  Edwards	  system	  of	  traumatic	  spondylolisthesis	  (Type	  1:	  n=	  14;	  Type:	  2	  n=	  5;	  Type	  3:	  n=	  4).	  	  	  10	  patients	  had	  UCS	  fracture	  that	  could	  be	  classified	  as	  an	  extension	  teardrop	  injury,	  while	  1	  patient	  had	  a	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flexion	  teardrop	  UCS	  fracture.	  26	  patients	  had	  at	  least	  one	  non-­‐dens	  C2	  fracture	  that	  could	  not	  be	  classified	  into	  one	  of	  the	  above	  systems.	  9	  patients	  had	  a	  unilateral	  occipital	  condyle	  fracture,	  while	  one	  patient	  had	  bilateral	  occipital	  condyle	  fractures.	  Multiple	  fractures	  of	  the	  UCS	  were	  common:	  40	  patients	  had	  at	  least	  one	  atlas	  and	  at	  least	  one	  axis	  fracture.	  Of	  the	  120	  total	  dens	  fractures,	  86	  were	  isolated	  while	  34	  had	  dens	  fracture	  and	  concurrent	  C1	  fracture.	  	  The	  majority	  of	  these	  patients	  were	  initially	  treated	  in	  a	  rigid	  collar	  (n=	  159,	  72.9%).	  33	  patients	  (15.1%)	  were	  first	  treated	  by	  halo	  immobilization;	  22	  (10.1%)	  received	  surgery	  as	  primary	  treatment.	  4	  patients	  (1.8%)	  did	  not	  have	  data	  regarding	  treatment,	  indicating	  death	  prior	  to	  evaluation	  by	  spine	  service.	  26	  patients	  received	  a	  halo	  as	  the	  definitive	  treatment	  of	  their	  UCS	  fracture,	  and	  40	  patients	  (18.3)	  eventually	  received	  surgical	  treatment	  for	  their	  UCS	  injury.	  11	  patients	  treated	  initially	  in	  rigid	  collar	  required	  more	  invasive	  treatment	  for	  their	  fracture	  (either	  halo	  or	  surgery).	  The	  mean	  LOS	  following	  diagnosis	  of	  UCS	  fracture	  was	  8.7	  days	  (SD	  10.2,	  range=	  0-­‐69).	  24	  patients	  (11.0%)	  died	  during	  admission	  for	  an	  UCS	  fracture;	  76	  patients	  (34.9%)	  are	  known	  to	  be	  dead	  at	  the	  time	  of	  this	  study,	  according	  to	  information	  available	  in	  the	  medical	  record.	  Of	  the	  194	  patients	  who	  survived	  the	  admission,	  144	  were	  seen	  for	  at	  least	  one	  follow-­‐up	  appointment.	  102	  patients	  received	  some	  imaging	  during	  follow-­‐up	  that	  could	  definitively	  delineate	  outcome,	  while	  8	  patients	  received	  imaging	  of	  the	  UCS	  for	  reasons	  unrelated	  to	  their	  initial	  fracture.	  	  
Race:	  Nonwhite	  vs	  White	  Though	  there	  was	  a	  higher	  chance	  of	  being	  male	  if	  a	  patient	  was	  nonwhite,	  race	  was	  not	  associated	  with	  gender	  (OR	  =	  1.743;	  95%	  CI=	  0.80-­‐3.79;	  p=	  0.158).	  White	  patients	  were	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significantly	  older	  (mean=	  71.6	  years;	  SD=	  19.97)	  than	  nonwhite	  patients	  (mean=	  53.16;	  SD=	  24.60;	  p=	  0.00)	  with	  nonwhite	  patients	  having	  a	  lower	  likelihood	  of	  being	  over	  age	  65	  (OR=	  0.29;	  95%	  CI=	  0.13-­‐0.64;	  p=	  0.001).	  	  Nonwhite	  patients	  had	  significant	  higher	  likelihood	  of	  being	  uninsured	  compared	  to	  white	  counterparts.	  Nonwhite	  patients	  were	  3.9	  times	  more	  likely	  to	  than	  white	  patients	  to	  have	  no	  insurance	  (OR=	  3.93;	  95%	  CI=	  1.42-­‐10.87;	  p=	  0.05)	  and	  were	  4.2	  times	  more	  likely	  to	  be	  uninsured	  than	  to	  have	  government	  insurance	  as	  the	  primary	  payer	  (OR=	  4.21;	  95%	  CI=	  1.48-­‐12.02;	  p=	  0.004).	  Race	  did	  not	  affect	  the	  odds	  of	  having	  private	  insurance.	  	  Race	  was	  not	  an	  independent	  risk	  factor	  in	  whether	  patients	  were	  seen	  initially	  seen	  outside	  of	  YNHH	  ED	  (OR=	  0.66;	  95%	  CI=	  0.30-­‐1.42;	  p=	  0.28).	  ISS	  score	  was	  not	  significantly	  different	  between	  white	  and	  nonwhite	  patients	  (white	  ISS=	  mean	  12.9;	  SD=	  9.013;	  nonwhite	  ISS	  mean=	  14.84;	  SD=	  9.342;	  p=	  0.271);	  this	  remained	  true	  when	  ISS	  was	  stratified	  as	  high	  or	  low	  (OR=	  1.25;	  95%	  CI=	  0.56-­‐2.75;	  p=	  0.59).	  	  Race	  was	  not	  a	  risk	  factor	  for	  high-­‐energy	  mechanism	  of	  trauma	  (OR	  =1.60	  95%	  CI=	  0.75-­‐3.45;p=	  0.24),	  nor	  was	  race	  a	  risk	  factor	  for	  GCS	  below	  8	  (OR	  =	  0.48;	  95%	  CI=	  0.12-­‐1.87;	  p=	  0.28).	  Race	  did	  increase	  the	  odds	  of	  intubation	  in	  the	  field	  or	  ED	  (OR=	  2.93;	  95%	  CI=	  1.15-­‐7.35;	  p=	  0.02).	  Race	  was	  not	  a	  factor	  in	  whether	  patients	  received	  at	  least	  one	  CT,	  MR	  or	  MRA	  during	  admission	  (CT:	  OR=	  3.00;	  95%	  CI=	  0.39-­‐23.39;	  p=	  0.27;	  MR:	  OR=	  1.04;	  95%	  CI=	  0.47-­‐2.30;	  p=	  0.93;	  MRA:	  OR	  =	  1.46;	  95%	  CI=	  0.60-­‐3.53;	  p=	  0.40);	  nonwhite	  patients	  were	  twice	  as	  likely	  to	  receive	  at	  least	  one	  CTA	  during	  admission	  (OR	  =	  2.21;	  95%	  CI=	  1.01-­‐4.86;	  p=	  0.04).	  White	  patients	  and	  nonwhite	  patients	  did	  not	  have	  significantly	  different	  lengths	  of	  stay	  following	  UCS	  fx	  (white	  LOS	  mean=	  8.43	  days;	  SD=	  9.67;	  nonwhite	  LOS	  mean=	  10.00	  days;	  SD=	  12.72;	  p=	  0.43).	  	  Of	  the	  139	  patients	  who	  received	  an	  MRI,	  race	  was	  not	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associated	  with	  the	  presence	  of	  a	  ligamentous	  injury	  (OR=	  0.82;	  95%	  CI=	  0.31-­‐2.16;	  p=	  0.69);	  race	  was	  not	  associated	  with	  an	  increased	  risk	  of	  any	  other	  spine	  fracture.	  Race	  was	  not	  an	  independent	  risk	  factor	  for	  death	  during	  admission	  (OR=	  0.24;	  95%	  CI=	  0.03-­‐1.83;	  p=	  0.14).	  Race	  was	  an	  independent	  factor	  in	  initial	  treatment	  choice	  for	  the	  entire	  cohort	  of	  UCS	  fractures:	  white	  patients	  were	  more	  likely	  to	  undergo	  initial	  treatment	  in	  rigid	  collar	  (OR	  =	  0.30;	  95%	  CI=	  0.14-­‐0.66;	  p=	  0.002)	  and	  were	  also	  more	  likely	  to	  receive	  collar	  as	  definitive	  treatment	  (OR=	  0.30;	  95%	  CI=	  0.14-­‐0.66;	  p=	  0.002).	  Nonwhite	  patients	  were	  3	  times	  more	  likely	  to	  receive	  initial	  treatment	  in	  a	  halo	  orthosis	  (OR=	  3.31;	  95%	  CI=	  1.39-­‐7.91;	  p=	  0.005)	  and	  were	  also	  3	  times	  more	  likely	  to	  receive	  halo	  orthosis	  as	  definitive	  treatment	  (OR=	  3.19;	  95%	  CI=	  1.25-­‐8.16;	  p=	  0.012).	  Race	  was	  not	  associated	  with	  initial	  surgical	  treatment	  (OR=	  1.88;	  95%	  CI=	  0.64-­‐5.53;	  p=	  0.246)	  or	  with	  definitive	  surgical	  treatment	  (OR=	  2.01;	  95%	  CI=	  0.84-­‐4.77;	  p=	  0.110).	  Of	  194	  patients	  who	  survived	  until	  discharge,	  144	  had	  at	  least	  one	  follow-­‐up	  appointment	  in	  the	  medical	  record.	  Nonwhite	  patients	  had	  a	  greater	  number	  of	  follow-­‐up	  visits	  (2.00,	  SD=	  1.76)	  compared	  to	  white	  patients	  (1.93,	  SD=	  1.62),	  though	  this	  was	  not	  a	  significant	  difference	  (p=	  0.823).	  	  Of	  the	  144	  patients	  who	  survived	  until	  follow-­‐up	  and	  received	  at	  least	  one	  image	  of	  their	  UCS	  fracture,	  110	  patients	  received	  imaging	  that	  was	  definitive	  regarding	  outcome,	  8	  of	  which	  were	  patients	  who	  received	  further	  UCS	  imaging	  at	  some	  point	  that	  was	  not	  related	  to	  their	  initial	  fracture.	  Nonwhite	  patients	  were	  2.8	  times	  more	  likely	  to	  have	  definitive	  healing	  of	  an	  UCS	  fracture	  (OR=	  2.80;	  95%	  CI=	  1.00-­‐7.87;	  p=	  0.046).	  When	  nonhealing	  was	  stratified	  into	  delayed	  and	  nonunion,	  nonwhite	  patients	  had	  a	  significantly	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lower	  risk	  of	  delayed	  union	  (OR=	  0.22;	  95%	  CI=	  0.05-­‐1.00;	  p=	  0.035)	  but	  had	  the	  same	  risk	  of	  nonunion	  (OR=	  1.00;	  95%	  CI=	  0.30-­‐3.34;	  p=	  0.996).	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Table	  B:	  Unadjusted	  odds	  ratios	  for	  nonwhite	  vs	  white	  patients	  with	  UCS	  fracture	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Insurance:	  Uninsured	  vs	  Insured,	  Government	  vs	  Private	  Insurance	  cohorts	  were	  compared	  as	  follows:	  patients	  with	  no	  insurance	  were	  compared	  to	  patients	  with	  any	  insurance;	  within	  the	  cohort	  of	  patients	  with	  insurance	  on	  admission,	  patients	  were	  compared	  based	  on	  primary	  payer	  defined	  as	  government	  insurance	  or	  private	  insurance.	  	  Mean	  age	  of	  patients	  in	  the	  uninsured	  cohort	  (meanuninsured=	  42.3	  years)	  was	  significantly	  lower	  than	  in	  the	  cohort	  with	  any	  insurance	  (meaninsured=	  72.05,	  p=	  0.000);	  patients	  in	  the	  government	  insurance	  cohort	  (meangovernment	  =	  75.97	  years)	  were	  significantly	  older	  than	  patients	  with	  private	  insurance	  (meanprivate=	  57.71,	  p=	  0.000).	  Uninsured	  patients	  were	  more	  likely	  to	  be	  male	  (OR=	  2.62;	  95%	  CI=	  0.97-­‐7.10;	  p=	  0.052);	  under	  age	  65	  (OR=	  0.0;	  95%	  CI=	  0.01-­‐0.21;	  p=	  0.00);	  nonwhite	  (OR=	  3.93;	  95%	  CI=	  1.42-­‐10.87;	  p=	  0.005);	  currently	  smokers	  (OR=7.13;	  95%	  CI=	  2.35-­‐21.63;	  p=	  0.00);	  and	  have	  a	  prior	  history	  of	  alcoholism	  (OR=	  3.14,	  CI=	  1.15-­‐8.54;	  p=	  0.020).	  Uninsured	  patients	  were	  more	  likely	  to	  be	  classified	  as	  overweight	  or	  obese	  (OR=	  3.53;	  95%	  CI=	  1.12-­‐11.25;	  p=0.024).	  If	  a	  patient	  had	  insurance	  upon	  admission,	  age	  over	  65	  was	  associated	  with	  7.7-­‐fold	  increase	  in	  the	  likelihood	  of	  the	  primary	  payer	  being	  government	  (OR=	  7.71;	  95%	  CI=3.61-­‐16.49;	  p=	  0.000).	  Patients	  with	  government	  insurance	  had	  a	  lower	  likelihood	  of	  being	  current	  smokers	  than	  those	  with	  private	  insurance	  (OR=	  0.34;	  95%	  CI=	  0.14-­‐0.83;	  p=	  0.015)	  CCI	  was	  significantly	  lower	  in	  the	  uninsured	  cohort	  compared	  to	  the	  insured	  cohort	  (meanuninsured=	  0.85;	  meaninsured=	  1.69;	  p=	  0.047).	  When	  stratified	  according	  to	  low	  and	  high	  CCI,	  uninsured	  patients	  had	  an	  insignificantly	  lower	  likelihood	  of	  having	  a	  CCI	  greater	  than	  1	  (OR=	  0.41;	  95%	  CI=	  0.16-­‐1.05;	  p=	  0.060).	  CCI	  was	  significantly	  greater	  amongst	  the	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government	  insurance	  cohort	  compared	  to	  the	  privately	  insured	  cohort	  (meangovernment=	  1.94;	  meanprivate=	  0.78;	  p=	  0.000),	  and	  this	  significance	  was	  maintained	  when	  stratified	  by	  low	  and	  high	  CCI	  (OR=	  2.61;	  95%	  CI=	  1.29-­‐5.30;	  p=	  0.01).	  	  Patients	  with	  no	  insurance	  had	  increased	  risk	  of	  a	  high-­‐energy	  trauma	  (OR=	  8.31;	  95%	  CI=	  2.35-­‐29.36;	  p=	  0.000),	  while	  patients	  with	  government	  insurance	  were	  less	  likely	  to	  have	  high-­‐energy	  trauma	  (OR=	  0.14;	  95%	  CI=	  0.06-­‐0.32;	  p=	  0.00).	  ISS	  was	  significantly	  greater	  amongst	  patients	  with	  private	  insurance	  (meangovernment=	  11.53;	  meanprivate=	  15.34;	  p=	  0.012);	  ISS	  was	  also	  significantly	  greater	  amongst	  uninsured	  patients	  compared	  to	  insured	  patients	  (meanuninsured=	  19.05;	  meaninsured=	  12.35;	  p=	  0.001).	  Only	  patients	  with	  no	  insurance	  were	  at	  increased	  risk	  for	  having	  ISS	  10	  or	  greater	  upon	  admission	  (OR=	  4.36;	  95%	  CI=	  1.24-­‐15.36;	  p=	  0.014).	  Patients	  without	  insurance	  were	  6.3	  times	  more	  likely	  to	  have	  an	  alcohol-­‐associated	  injury	  (OR=	  6.32;	  95%	  CI=	  2.19-­‐18.22;	  p=	  0.000).	  Patients	  without	  insurance	  had	  a	  lower	  mean	  number	  of	  hours	  in	  the	  ED	  during	  admission	  (meanuninsured=	  4.1	  hours;	  meaninsured=	  5.9	  hours;	  p=	  0.015).	  Mean	  GCS	  amongst	  uninsured	  patients	  was	  significantly	  lower	  than	  mean	  GCS	  amongst	  insured	  patients	  (meanunisured=	  12.56;	  meaninsured=	  14.23;	  p=	  0.01);	  GCS	  amongst	  privately	  insured	  patents	  was	  also	  significantly	  lower	  than	  mean	  GCS	  of	  patients	  with	  government	  insurance	  (meangovernment=	  14.45;	  meanprivate=	  13.44;	  p=0.016)	  Patients	  with	  no	  insurance	  had	  a	  4.7-­‐fold	  higher	  risk	  of	  having	  GCS	  under	  8	  (OR=	  4.73;	  95%	  CI=	  1.02-­‐17.83;	  p=	  0.032),	  while	  patients	  with	  government	  insurance	  were	  at	  lower	  risk	  of	  having	  GCS	  under	  8	  (OR=	  0.26;	  95%	  CI=	  0.61-­‐1.08;	  	  p=	  0.048);	  patients	  without	  insurance	  were	  at	  insignificantly	  increased	  risk	  of	  intubation	  in	  the	  field	  or	  ED	  (OR=	  2.85;	  95%	  CI=	  0.94-­‐8.68;	  p=	  0.056).	  Patients	  without	  insurance	  had	  a	  lower	  likelihood	  of	  receiving	  CT	  upon	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admission	  (OR=	  0.31;	  95%	  CI=	  0.09-­‐1.08,	  p=	  0.05)	  while	  patients	  with	  government	  insurance	  had	  a	  significantly	  lower	  chance	  of	  receiving	  a	  CTA,	  MR	  or	  MRA	  during	  admission	  compared	  to	  those	  with	  private	  insurance	  (ORCTA=	  0.30;	  95%	  CI=	  0.14-­‐0.61;	  p=	  0.001;	  ORMR=	  0.40;	  CI=	  0.18-­‐0.90;	  p=	  0.023;	  ORMRA=	  0.37;	  95%	  CI=	  0.17-­‐0.80;	  p=	  0.01).	  Patient	  without	  insurance	  had	  greater	  risk	  of	  having	  other	  spine	  fractures	  associated	  with	  UCS	  fracture,	  from	  a	  3-­‐fold	  increase	  risk	  of	  concurrent	  subaxial	  or	  thoracic	  spine	  fracture	  to	  8-­‐fold	  increase	  risk	  of	  concurrent	  lumbar	  spine	  fracture	  (ORC-­‐spine=	  3.91;	  95%	  CI=	  1.25-­‐12.24;	  p=	  0.013;	  ORT-­‐spine=	  3.42;	  95%	  CI=	  1.00-­‐	  11.73;	  p=	  0.039;	  ORL-­‐spine=	  8.76;	  CI=	  2.48-­‐30.97;	  p=	  0.000).	  	  The	  only	  significant	  association	  between	  insurance	  and	  treatment	  was	  the	  increased	  likelihood	  of	  patients	  without	  insurance	  to	  receive	  definitive	  treatment	  in	  halo	  orthosis	  (OR=	  3.79;	  95%	  CI=	  1.30-­‐11.02;	  p=	  0.010).	  Insurance	  was	  not	  associated	  with	  risk	  of	  death	  during	  admission.	  There	  was	  no	  significant	  difference	  in	  the	  mean	  number	  of	  follow-­‐up	  visits	  for	  patients	  with	  government	  or	  private	  insurance	  (meangovernment=	  1.99;	  meanprivate=	  2.00;	  p=	  0.981);	  while	  patients	  without	  insurance	  had	  a	  lower	  mean	  number	  of	  follow-­‐up	  appointments	  compared	  to	  insured	  patients,	  it	  was	  not	  a	  significant	  difference	  (meanuninsured=	  1.44;	  meaninsured=	  1.99;	  p=	  0.176).	  Insurance	  was	  not	  associated	  with	  receipt	  of	  radiography,	  CTA,	  MR	  or	  MRA	  during	  follow-­‐up	  for	  UCS	  fracture;	  having	  government	  insurance	  did	  significantly	  decrease	  the	  likelihood	  of	  receiving	  CT	  imaging	  at	  any	  point	  during	  follow-­‐up	  (OR=	  0.40;	  95%	  CI=	  0.67-­‐0.95;	  p=	  0.034).	  While	  having	  no	  insurance	  did	  not	  have	  significant	  effect	  on	  UCS	  fracture	  outcome,	  having	  government	  insurance	  decreased	  the	  likelihood	  of	  healing	  (OR=	  0.28;	  95%	  CI=	  0.10-­‐0.77;	  p=	  0.011)	  and	  increased	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the	  risk	  of	  delayed	  union	  (OR=	  3.50;	  95%	  CI=	  0.95-­‐12.86;	  p=	  0.049)	  but	  not	  nonunion	  (OR=	  1.90;	  95%	  CI=	  0.50-­‐7.18;	  p=	  0.339).	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Figure	  3:	  Unadjusted	  odds	  ratios	  for	  cohort	  characteristics,	  management	  and	  outcome	  comparing	  uninsured	  vs	  insured	  patients	  with	  UCS	  fracture	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Figure	  4:	  Unadjusted	  odds	  ratios	  for	  cohort	  characteristics,	  management	  and	  outcome	  comparing	  patients	  with	  government	  insurance	  vs	  private	  insurance	  with	  UCS	  fracture	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Table	  C:	  Unadjusted	  odds	  ratios	  for	  uninsured	  vs	  insured,	  and	  government	  vs	  private	  coverage	  for	  patients	  with	  UCS	  fracture	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Injury	  and	  care	  team	  characteristics	  Of	  the	  218	  patients	  included	  in	  this	  analysis,	  48%	  (n=106)	  patients	  were	  seen	  by	  orthopaedics	  on	  spine	  call,	  and	  52%	  (n=112)	  were	  treated	  by	  neurosurgery	  on	  spine	  call.	  While	  department	  of	  treating	  team	  did	  not	  affect	  the	  likelihood	  of	  receiving	  CT	  or	  CTA	  during	  admission	  for	  UCS,	  the	  orthopaedics	  spine	  team	  was	  significantly	  less	  likely	  to	  order	  MR	  (OR=	  0.23;	  95%	  CI=	  0.13-­‐0.42;	  p=	  0.000)	  or	  MRA	  (OR	  =	  0.42;	  95%	  CI=	  0.21-­‐0.84;	  p=	  0.013).	  While	  department	  on	  spine	  call	  did	  not	  significantly	  affect	  the	  likelihood	  of	  initially	  or	  definitively	  treating	  UCS	  fracture	  in	  either	  collar	  or	  with	  surgery,	  the	  orthopaedics	  department	  was	  significantly	  more	  likely	  to	  initially	  treat	  an	  UCS	  fracture	  with	  halo	  orthosis	  (OR=	  2.36;	  95%	  CI=	  1.08-­‐5.15;	  p=	  0.028)	  and	  was	  also	  insignificantly	  more	  likely	  to	  definitively	  treat	  and	  UCS	  fracture	  with	  halo	  (OR=	  2.15;	  95%	  CI=	  0.91-­‐5.06;	  p=	  0.076).	  Patients	  followed	  by	  orthopaedics	  had	  a	  significantly	  greater	  number	  of	  follow-­‐up	  visits	  post-­‐discharge	  (meanorthopaedics=	  3.00;	  meanneurosurgery=	  2.27;	  p=0.001).	  Patients	  were	  less	  likely	  to	  receive	  CT	  by	  orthopaedics	  upon	  any	  follow-­‐up	  visit	  (OR=	  0.21;	  95%	  CI=	  0.11-­‐0.43;	  p=0.000)	  but	  more	  likely	  to	  receive	  an	  x-­‐ray	  (OR=	  3.81;	  95%	  CI=	  1.44-­‐10.13;	  p=	  0.005).	  Despite	  these	  differences	  between	  departments,	  there	  was	  no	  associated	  difference	  in	  outcome.	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Figure	  5:	  Unadjusted	  management	  and	  outcome	  odds	  ratios	  for	  patients	  treated	  by	  orthopaedics	  vs	  neurosurgery	  for	  UCS	  fracture	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Table	  D:	  Unadjusted	  odds	  ratios	  for	  patients	  treated	  by	  orthopaedics	  vs	  neurosurgery	  for	  UCS	  fracture	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   Of	  the	  139	  patients	  with	  UCS	  fracture	  who	  received	  an	  MRI	  during	  admission,	  89	  were	  identified	  as	  having	  ligamentous	  injury.	  Having	  any	  C1	  fracture	  was	  associated	  with	  an	  increased	  risk	  of	  having	  ligamentous	  damage	  identified	  on	  imaging	  (OR=	  2.36;	  95%	  CI=	  1.09-­‐5.11;	  p=	  0.03);	  having	  any	  C2	  fracture	  decreased	  the	  likelihood	  of	  having	  an	  identified	  ligamentous	  injury	  (OR=	  0.32;	  95%	  CI=	  0.11-­‐0.90;	  p=	  0.03).	  Having	  a	  Type	  2	  dens	  fracture	  was	  the	  only	  specific	  fracture	  pattern	  associated	  with	  a	  decreased	  likelihood	  of	  ligamentous	  injury	  (OR=	  0.40;	  95%	  CI=	  0.19-­‐0.85;	  p=	  0.02).	  Combinations	  of	  any	  atlas	  and	  axis	  fracture	  were	  not	  associated	  with	  increased	  risk	  of	  ligamentous	  damage;	  combination	  fractures	  of	  the	  atlas	  and	  the	  dens	  were	  also	  not	  significantly	  associated	  with	  increased	  risk	  of	  ligamentous	  injury.	  There	  was	  no	  association	  between	  the	  identification	  of	  ligamentous	  injury	  and	  the	  choice	  of	  initial	  or	  definitive	  management	  for	  any	  UCS	  fracture.	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Table	  E:	  Unadjusted	  odds	  ratios	  based	  on	  presence	  vs	  absence	  of	  ligamentous	  injury	  in	  UCS	  fracture	  
	  	  The	  presence	  of	  neurological	  symptoms	  associated	  with	  SCI	  had	  an	  effect	  on	  the	  initial	  and	  definitive	  management	  decisions.	  The	  presence	  of	  neurological	  signs	  decreased	  the	  likelihood	  of	  initial	  collar	  management	  of	  any	  UCS	  (OR=	  0.26;	  95%	  CI=	  0.11-­‐0.62;	  p=	  0.00)	  and	  increased	  the	  likelihood	  of	  initial	  management	  in	  halo	  orthosis	  (OR=	  3.09;	  95%	  CI=	  1.21-­‐7.90;	  p=	  0.02).	  While	  the	  likelihood	  of	  initial	  surgical	  management	  was	  also	  increased	  by	  the	  presence	  of	  neurological	  signs,	  this	  did	  not	  have	  significant	  effect	  (OR=	  2.53;	  95%	  CI=	  0.84-­‐7.59;	  p=	  0.09).	  Neurological	  symptoms	  decreased	  the	  likelihood	  of	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definitive	  management	  in	  collar	  (OR=	  0.25;	  95%	  CI=	  0.10-­‐0.58;	  p=	  0.00)	  and	  increased	  the	  likelihood	  of	  definitive	  management	  by	  surgery	  (OR=	  4.34;	  95%	  CI=	  1.79-­‐10.49;	  p=	  0.00).	  	  
	  	  
Figure	  7:	  Unadjusted	  odds	  ratios	  based	  on	  presence	  vs	  absence	  of	  neurological	  symptoms	  in	  UCS	  fracture	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Factors	  associated	  with	  survival	  to	  discharge	  Of	  the	  218	  patients	  treated	  for	  UCS	  fracture,	  11%	  (n=24)	  died	  prior	  to	  discharge.	  Age	  over	  65	  years	  increased	  the	  chance	  of	  hospital	  death	  by	  3-­‐fold	  (OR=	  3.08;	  95%	  CI=	  1.01-­‐9.37;	  p=	  0.04).	  While	  other	  patient	  factors	  such	  as	  baseline	  comorbidity	  status	  (CCI),	  race,	  and	  insurance	  status	  did	  not	  have	  an	  effect	  on	  the	  risk	  of	  death	  before	  discharge,	  injury	  factors	  such	  as	  ISS	  greater	  than	  9	  (OR=	  5.35;	  95%	  CI=	  1.54-­‐	  18.52;	  p=	  0.00),	  GCS	  less	  than	  8	  (OR	  14.75;	  95%	  CI=	  4.36-­‐49.89;	  p=	  0.00),	  and	  concurrent	  lumbar	  spine	  fracture	  (OR=	  4.11;	  95%	  CI=	  1.16-­‐14.57;	  p=	  0.02)	  were	  all	  associated	  with	  an	  increased	  risk	  of	  death	  before	  discharge.	  Of	  all	  fracture	  patterns,	  only	  C2	  Type	  2	  (OR=	  5.79;	  95%	  CI=	  0.92-­‐36.55;	  p=	  0.04)	  and	  dens	  Type	  2	  (OR=	  2.77;	  95%	  CI=	  1.17-­‐6.55;	  p=	  0.02)	  were	  related	  to	  an	  increased	  risk	  of	  death	  before	  discharge.	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Figure	  8:	  Unadjusted	  odds	  ratios	  for	  death	  vs	  survival	  to	  discharge	  in	  UCS	  fracture	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Table	  G:	  Unadjusted	  odds	  ratios	  for	  death	  vs	  survival	  to	  discharge	  in	  UCS	  fracture	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Determinants	  of	  primary	  and	  definitive	  treatment	  Being	  female	  (OR=	  0.50;	  95%	  CI=	  0.27-­‐0.93;	  p=	  0.03,	  being	  over	  age	  65	  (OR=	  1.95;	  95%	  CI=	  1.05-­‐3.66;	  p=	  0.00)	  and	  being	  white	  (OR=	  0.30;	  95%	  CI=	  0.10-­‐0.66;	  p=	  0.00)	  and	  having	  at	  a	  CCI	  score	  of	  1	  or	  greater	  (OR=	  2.04;	  95%	  CI=	  1.09-­‐3.81;	  p=	  0.02)	  increased	  the	  likelihood	  of	  receiving	  initial	  management	  of	  an	  UCS	  fracture	  in	  a	  rigid	  collar.	  The	  presence	  of	  neurological	  symptoms	  (OR=	  0.26;	  95%	  CI=	  0.11-­‐	  0.62;	  p=	  0.00)	  significantly	  decreased	  the	  likelihood	  of	  primary	  fracture	  management	  in	  collar.	  While	  dens	  Type	  1	  fractures	  were	  all	  managed	  primarily	  by	  collar,	  having	  a	  C2	  Type	  3	  fracture	  (OR=	  0.11;	  95%	  CI=	  0.01-­‐1.08;	  p=	  0.02)	  or	  having	  any	  C1	  fracture	  with	  any	  C2	  fracture	  combination	  (OR=	  0.43;	  95%	  CI=	  0.21-­‐0.89;	  p=	  0.02)	  or	  any	  C1	  fracture	  with	  any	  dens	  fracture	  combination	  (OR=	  0.36;	  95%	  CI=	  0.16-­‐0.79;	  p=	  0.01)	  decreased	  the	  likelihood	  of	  primary	  management	  with	  collar.	  	  Being	  male	  (OR=	  3.29;	  95%	  CI=	  1.45-­‐7.48;	  p=	  0.00),	  under	  the	  age	  65	  (OR=	  0.39;	  95%	  CI=	  0.19-­‐0.83;	  p=	  0.01)	  and	  nonwhite	  race	  (OR=	  3.31;	  95%	  CI=1.39-­‐7.91;	  p=	  0.01)	  increased	  the	  likelihood	  of	  receiving	  halo	  orthosis	  as	  primary	  management	  for	  UCS	  fracture.	  	  Patients	  who	  received	  halo	  orthosis	  as	  primary	  management	  were	  more	  likely	  to	  have	  no	  comorbidities	  (OR=	  0.48;	  95%	  CI=	  0.23-­‐1.01;	  p=	  0.05),	  an	  ISS	  greater	  than	  9	  (OR=	  2.37;	  95%	  CI=	  1.10-­‐5.53;	  p=	  0.04)	  and	  a	  high-­‐energy	  mechanism	  of	  trauma	  (OR=	  2.10;	  95%	  CI=	  0.98-­‐4.49;	  p=	  0.05).	  The	  presence	  of	  neurological	  signs	  increased	  the	  likelihood	  of	  receiving	  primary	  halo	  treatment	  (OR=	  3.09;	  95%	  CI=	  1.21-­‐7.90;	  p=	  0.02).	  Management	  by	  the	  orthopaedics	  department	  increased	  the	  chances	  of	  receiving	  primary	  treatment	  in	  halo	  orthosis	  (OR=	  2.36;	  95%	  CI=	  1.08-­‐5.15;	  p=	  0.03).	  Only	  Type	  3	  dens	  fractures	  were	  significantly	  more	  likely	  to	  receive	  primary	  halo	  management	  (OR=	  2.88;	  95%	  CI=	  1.28-­‐6.47;	  p=	  0.01).	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None	  of	  the	  patient	  factors	  or	  injury	  factors	  assessed	  had	  an	  effect	  on	  the	  likelihood	  of	  receiving	  surgery	  as	  primary	  treatment.	  Having	  a	  C2	  Type	  3	  fracture	  (OR=	  9.50;	  95%	  CI=	  1.27-­‐	  71.14;	  p=	  0.01)	  or	  having	  any	  C1	  fracture	  with	  a	  concurrent	  dens	  fracture	  (OR=	  3.17;	  95%	  CI=	  1.11-­‐9.06;	  p=	  0.03)	  were	  associated	  with	  an	  increased	  likelihood	  of	  receiving	  surgery	  as	  primary	  treatment.	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Table	  H:	  Unadjusted	  odds	  ratios	  for	  receiving	  collar,	  halo	  or	  surgery	  as	  primary	  treatment	  for	  UCS	  fracture	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   When	  considering	  definitive	  treatment	  in	  collar,	  being	  white	  (OR=	  0.30;	  95%	  CI=	  0.14-­‐0.66;	  p=	  0.00),	  over	  age	  65	  (OR=	  2.03;	  95%	  CI=	  1.12-­‐3.68;	  p=	  0.02)	  and	  having	  a	  CCI	  greater	  than	  0	  (OR=	  2.09;	  95%	  CI=	  1.15-­‐3.78;	  p=	  0.02)	  all	  increased	  the	  likelihood	  of	  collar	  as	  final	  treatment	  modality;	  the	  presence	  of	  neurological	  symptoms	  decreased	  the	  chance	  of	  maintaining	  collar	  as	  definitive	  management	  (OR=	  0.25;	  95%	  CI=	  0.10-­‐0.58;	  p=	  0.00).	  	  While	  C2	  Type	  3	  (OR=	  0.14;	  95%	  CI=	  0.02-­‐1.40;	  p=	  0.05),	  combination	  C1	  and	  C2	  fracture	  (OR=	  0.32;	  95%	  CI=	  0.16-­‐0.64;	  p=	  0.00),	  and	  combination	  C1	  and	  dens	  fractures	  (OR=	  0.23;	  95%	  CI=	  0.11-­‐0.51;	  p=	  0.00)	  all	  had	  decreased	  likelihood	  of	  final	  management	  in	  collar,	  C1	  Type	  3	  fractures	  had	  a	  6.8	  times	  higher	  chance	  of	  being	  definitively	  managed	  in	  collar	  (OR=	  6.84;	  95%	  CI=	  0.88-­‐53.17;	  p=	  0.04).	  All	  dens	  Type	  1	  fractures	  were	  treated	  in	  collar.	  	   Being	  male	  (OR=	  2.61;	  95%	  CI=	  1.08-­‐6.30;	  p=	  0.03),	  under	  age	  65	  (OR=	  0.35;	  95%	  CI=	  0.15-­‐	  0.81;	  p=	  0.01),	  being	  nonwhite	  (OR=	  3.19;	  95%	  CI=	  1.25-­‐8.16;	  p=	  0.01),	  and	  being	  either	  uninsured	  (OR=	  3.79;	  95%CI=	  1.30-­‐11.02;	  p=	  0.01)	  or	  having	  government	  insurance	  (OR=	  4.42;	  95%	  CI=	  1.45-­‐13.45;	  p=	  0.01)	  increased	  the	  chance	  of	  receiving	  halo	  orthosis	  as	  definitive	  management	  for	  UCS	  fracture.	  The	  presence	  of	  high-­‐energy	  mechanism	  of	  injury	  (OR=	  3.14;	  95%	  CI=	  1.30-­‐7.59;	  p=	  0.01)	  or	  a	  concurrent	  subaxial	  spine	  fracture	  ((OR=	  3.23;	  95%	  CI=	  1.13-­‐9.18;	  p=	  0.02)	  were	  associated	  with	  an	  increased	  likelihood	  of	  receiving	  halo	  as	  final	  treatment.	  C2	  Type	  2	  fracture	  (OR=	  5.14;	  95%	  CI=	  0.82-­‐32.33;	  p=	  0.05)	  and	  dens	  Type	  3	  fracture	  (OR=	  2.49;	  95%	  CI=	  1.02-­‐	  6.06;	  p=	  0.04)	  were	  more	  likely	  to	  have	  halo	  as	  the	  definitive	  modality	  of	  management.	  	   The	  only	  patient	  factor	  associated	  with	  an	  increased	  risk	  of	  definitive	  surgical	  treatment	  was	  CCI:	  having	  a	  CCI	  greater	  than	  0	  was	  associated	  with	  a	  decrease	  likelihood	  of	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receiving	  surgery	  (OR=	  0.50;	  95%	  CI=	  0.25-­‐1.00;	  p=	  0.05).	  The	  presence	  of	  neurological	  symptoms	  was	  associated	  with	  a	  higher	  likelihood	  of	  surgery	  (OR=	  4.34;	  95%	  CI=	  1.79-­‐	  10.49;	  p=	  0.00).	  When	  stratified	  by	  fracture	  type,	  having	  any	  C1	  fracture	  (OR=	  2.38;	  95%	  CI=	  1.19-­‐4.79;	  p=	  0.01),	  having	  a	  dens	  Type	  2	  fracture	  (OR=	  2.48;	  95%	  CI=	  1.23-­‐5.00;	  p=	  0.01),	  and	  having	  combination	  fractures	  of	  C1	  plus	  any	  C2	  (OR=	  3.65;	  95%	  CI=	  1.69-­‐7.90;	  p=	  0.00)	  or	  C1	  and	  any	  dens	  fracture	  (OR=	  4.70;	  95%	  CI=	  2.04-­‐10.80;	  p=	  0.00)	  significantly	  increased	  the	  likelihood	  of	  receiving	  surgery	  as	  definitive	  management	  for	  UCS	  fracture.	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Table	  I:	  Unadjusted	  odds	  ratios	  for	  receiving	  collar,	  halo	  or	  surgery	  as	  definitive	  treatment	  for	  UCS	  fracture	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Discussion	  In	  the	  adult	  population,	  the	  incidence	  of	  UCS	  fracture	  has	  a	  bimodal	  distribution.	  	  The	  elderly	  typically	  account	  for	  a	  high	  proportion	  of	  UCS	  fracture,	  with	  a	  multitude	  of	  factors	  contributing	  to	  the	  risk	  of	  UCS	  in	  older	  individuals7,11,36.	  Fractures	  of	  the	  odontoid	  are	  the	  most	  common	  cervical	  spine	  fracture	  amongst	  patients	  over	  70,	  and	  amongst	  patients	  80	  years	  and	  older,	  odontoid	  fractures	  alone	  are	  the	  most	  common	  spinal	  fracture	  of	  the	  entire	  spine37.	  With	  UCS	  fracture	  accounting	  for	  nearly	  70%	  of	  cervical	  spine	  trauma	  in	  patients	  over	  age	  60,	  with	  nearly	  60%	  of	  these	  injuries	  to	  the	  odontoid,	  it	  is	  clear	  that	  age	  is	  correlated	  with	  UCS	  risk	  during	  trauma8,37.	  Hypothetical	  biomechanical	  factors	  contributing	  to	  the	  increased	  risk	  of	  the	  UCS	  in	  geriatric	  trauma	  include	  cervical	  spine	  arthritis,	  resulting	  in	  increased	  stiffness	  of	  the	  lower	  neck	  and	  increased	  stress	  on	  the	  UCS	  during	  trauma;	  and	  higher	  rates	  of	  osteopenia	  and	  osteoporosis,	  requiring	  lower	  energy	  to	  fracture	  bone7.	  As	  these	  biomechanical	  factors	  increase	  the	  likelihood	  of	  UCS	  fracture	  at	  lower	  mechanical	  energy,	  UCS	  fracture	  in	  the	  elderly	  commonly	  result	  from	  low-­‐energy	  trauma	  and	  pose	  low	  neurological	  risk36.	  With	  persons	  over	  65	  years	  of	  age	  representing	  the	  fastest	  growing	  segment	  of	  the	  population,	  it	  is	  not	  surprising	  that	  the	  burden	  of	  UCS	  fractures	  amongst	  the	  elderly	  is	  also	  rapidly	  expanding.	  	  In	  the	  current	  study,	  the	  average	  age	  of	  patient	  admitted	  to	  Yale	  New	  Haven	  Hospital	  with	  at	  least	  one	  UCS	  fracture	  was	  69	  years	  old	  (SD=	  21.6);	  however	  the	  median	  age	  of	  our	  study	  population	  was	  77,	  evidence	  of	  the	  skew	  towards	  an	  older	  population	  as	  seen	  in	  Figure	  1.	  68	  of	  the	  218	  patients	  included	  in	  the	  study	  were	  between	  the	  ages	  of	  70	  and	  80,	  representing	  over	  31.2%	  of	  the	  entire	  study	  population;	  only	  29.4%	  of	  the	  study	  population	  was	  under	  age	  60.	  Our	  sample	  is	  representative	  of	  the	  national	  data	  suggesting	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UCS	  fracture	  prevalence	  in	  the	  elderly,	  though	  we	  failed	  to	  see	  a	  significant	  bimodal	  distribution	  across	  age	  groups.	  The	  provision	  of	  surgical	  care	  in	  spine	  fracture	  is	  usually	  based	  in	  clinical	  considerations,	  such	  as	  fracture	  stability,	  neurological	  signs,	  and	  comorbidities	  of	  the	  patient1,2,13,16.	  This	  is	  echoed	  in	  the	  current	  study:	  while	  the	  presence	  or	  absence	  of	  ligamentous	  injury	  did	  not	  affect	  the	  primary	  or	  definitive	  modality	  of	  treatment,	  the	  presence	  of	  neurological	  symptoms	  resulted	  in	  increased	  likelihood	  of	  halo	  as	  primary	  management	  and	  surgery	  as	  definitive	  management.	  Increased	  comorbidity	  was	  negatively	  associated	  with	  the	  likelihood	  of	  surgical	  management.	  	  Nonclinical	  factors	  such	  as	  race	  and	  insurance	  status	  have	  significant	  impact	  on	  the	  distribution	  of	  orthopaedic	  care,	  even	  after	  adjusting	  for	  clinically-­‐relevant	  factors	  such	  as	  age	  and	  comorbidities.	  Amongst	  Medicare	  patients,	  black	  Americans	  undergo	  primary	  total	  knee	  arthroplasty	  at	  a	  significantly	  lower	  rate	  than	  white	  Americans,	  with	  a	  rate	  ratio	  of	  0.53	  compared	  to	  white	  counterparts,	  suggesting	  financial	  barriers	  do	  not	  account	  for	  the	  entirety	  of	  racial	  disparity	  in	  orthopaedic	  care38.	  	  This	  is	  also	  true	  for	  knee	  arthroplasty:	  black	  American	  men	  (1.84	  per	  1000)	  and	  women	  (4.84	  per	  1000),	  along	  with	  Hispanic	  men	  (3.46	  per	  1000)	  and	  women	  (5.37	  per	  1000)	  undergo	  primary	  total	  knee	  arthroplasty	  at	  a	  significantly	  lower	  national	  rate	  than	  white	  American	  men	  (4.82	  per	  1000)	  and	  women	  (5.97	  per	  1000).	  The	  rate	  of	  osteoarthritis	  is	  generally	  higher	  in	  black	  and	  Hispanic	  populations39,	  so	  the	  differences	  in	  operative	  rates	  are	  likely	  not	  driven	  by	  propensities	  for	  the	  disease	  state	  but	  by	  more	  complex	  social	  factors.	  These	  disparities	  do	  not	  have	  a	  clear	  source:	  access	  to	  care	  or	  lower	  referral	  rates	  could	  be	  contributing	  to	  the	  difference	  in	  care	  amongst	  races.	  Treatment	  preference	  may	  be	  playing	  a	  significant	  role,	  as	  black	  Americans	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are	  less	  willing	  to	  choose	  surgical	  management	  for	  many	  disease	  states	  and	  reportedly	  have	  less	  confidence	  in	  the	  efficacy	  of	  joint	  replacement	  procedures40,41.	  The	  impact	  of	  minority	  status	  on	  outcomes	  of	  spine	  surgery	  is	  similarly	  disparate.	  Amongst	  nontrauma	  hospital	  discharges	  recorded	  in	  the	  National	  Inpatient	  Sample	  over	  a	  9-­‐year	  period,	  black	  Americans	  who	  underwent	  cervical	  spine	  surgery	  had	  a	  39%	  higher	  odds	  of	  experiencing	  an	  in-­‐hospital	  complication,	  (OR	  1.37,	  95%	  CI	  1.27-­‐1.48)	  and	  a	  higher	  odds	  of	  dying	  during	  hospitalization	  (OR	  1.59,	  CI	  1.30-­‐1.96)	  compared	  to	  the	  overall	  mortality	  rate	  of	  0.42%42.	  In	  the	  current	  study,	  race	  was	  not	  associated	  with	  a	  higher	  likelihood	  of	  in-­‐hospital	  mortality	  though	  we	  have	  not	  controlled	  for	  differences	  between	  cohorts	  such	  as	  the	  increased	  age	  of	  white	  patients	  with	  UCS	  fracture.	  While	  being	  nonwhite	  was	  actually	  a	  positive	  factor	  associated	  with	  healing	  UCS	  fracture,	  this	  was	  not	  adjusted	  for	  age	  differences	  between	  white	  and	  nonwhite	  cohorts.	  Race	  was	  a	  factor	  in	  treatment	  modality:	  being	  nonwhite	  decreased	  the	  likelihood	  of	  collar	  management	  and	  increased	  the	  likelihood	  of	  halo	  orthosis	  as	  primary	  and	  definitive	  treatment.	  Again,	  this	  result	  may	  not	  account	  for	  the	  age	  difference	  between	  the	  cohorts;	  the	  decision	  to	  use	  halo	  management	  may	  be	  reflective	  of	  the	  younger	  mean	  age	  of	  nonwhite	  patients,	  as	  the	  elderly	  may	  have	  decreased	  tolerance	  for	  a	  halo	  vest43.	  In	  the	  current	  study,	  patients	  without	  insurance	  were	  more	  likely	  to	  be	  young	  nonwhite	  males	  without	  comorbidity.	  While	  uninsured	  patients	  were	  significantly	  more	  likely	  to	  have	  UCS	  from	  high-­‐energy	  mechanism	  of	  injury,	  with	  greater	  trauma	  burden	  as	  measured	  by	  ISS,	  GCS	  and	  concurrent	  spine	  fracture,	  they	  were	  significantly	  less	  likely	  to	  under	  CT	  during	  admission	  compared	  to	  their	  insured	  counterparts.	  When	  comparing	  patients	  with	  government	  coverage	  and	  private	  insurance,	  those	  with	  government	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insurance	  were	  less	  likely	  to	  undergo	  advanced	  imaging	  during	  admission:	  patients	  with	  government	  insurance	  were	  less	  likely	  to	  receive	  CTA,	  MR,	  or	  MRA	  during	  admission	  for	  UCS	  fracture,	  and	  were	  also	  significantly	  less	  likely	  to	  undergo	  at	  least	  one	  CT	  during	  any	  follow-­‐up	  visit.	  While	  the	  lack	  of	  adjustment	  for	  age	  makes	  it	  difficult	  to	  account	  for	  the	  differences	  in	  halo	  treatment	  modality	  between	  insurance	  cohorts,	  it	  is	  difficult	  to	  account	  for	  the	  differences	  in	  radiology	  utilization	  on	  a	  clinical	  level.	  	  Clinical	  guidelines	  have	  been	  published	  to	  guide	  management	  of	  UCS	  fracture,	  though	  the	  burden	  of	  evidence	  is	  decidedly	  weak	  for	  any	  single	  recommendation1,2.	  When	  comparing	  UCS	  fracture	  patterns	  between	  managing	  department	  cohorts,	  it	  is	  clear	  that	  treatment	  algorithm	  differences	  exist	  between	  departments	  at	  the	  same	  institution.	  UCS	  fracture	  patients	  covered	  by	  the	  orthopaedics	  department	  on	  spine	  call	  were	  less	  likely	  to	  undergo	  MR	  or	  MRA	  imaging	  as	  part	  of	  their	  evaluation.	  The	  orthopaedics	  department	  was	  2.4	  times	  more	  likely	  to	  place	  halo	  orthosis	  as	  primary	  management	  for	  an	  UCS	  fracture,	  though	  there	  were	  no	  significant	  differences	  between	  frequencies	  of	  definitive	  treatment	  modalities.	  While	  patients	  treated	  by	  neurosurgery	  were	  more	  likely	  to	  receive	  at	  least	  one	  CT	  during	  any	  follow-­‐up	  appointment,	  UCS	  fracture	  patients	  managed	  by	  neurosurgery	  were	  less	  likely	  to	  have	  at	  least	  one	  XR	  during	  follow-­‐up,	  and	  has	  significantly	  fewer	  mean	  follow-­‐up	  appointments.	  These	  management	  differences	  between	  departments	  did	  not	  affect	  outcomes	  regarding	  healing	  or	  nonunion	  of	  UCS	  fracture.	  Age	  and	  high	  burden	  of	  injury	  are	  general	  factors	  associated	  with	  increased	  in-­‐hospital	  mortality	  in	  the	  current	  study.	  Among	  the	  few	  risk	  factors	  associated	  with	  increased	  likelihood	  of	  death	  before	  discharge,	  age	  over	  65	  was	  the	  only	  patient	  factor	  that	  reached	  significant	  effect.	  The	  remaining	  significant	  factors	  were	  associated	  with	  mortality	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before	  discharge	  reflected	  high	  severity	  of	  patient	  injury	  (increased	  ISS,	  decreased	  GCS,	  and	  intubation	  in	  the	  ED).	  Having	  a	  dens	  Type	  2	  fracture	  was	  also	  associated	  with	  increased	  risk	  of	  death	  prior	  to	  discharge:	  this	  is	  likely	  due	  to	  the	  association	  of	  increased	  age	  and	  presence	  of	  a	  Type	  2	  odontoid	  fracture.	  The	  increasing	  burden	  of	  spinal	  cord	  injury	  in	  the	  elderly	  has	  been	  noted	  in	  prior	  studies.	  The	  elderly	  are	  more	  likely	  to	  sustain	  UCS	  fracture	  by	  low-­‐energy	  mechanism,	  and	  while	  they	  are	  less	  likely	  to	  have	  neurological	  damage,	  the	  mortality	  during	  initial	  admission	  and	  at	  1	  year	  is	  significantly	  higher	  for	  the	  elderly	  following	  UCS	  fracture10,36,44.	  Management	  of	  odontoid	  fractures	  is	  a	  controversial	  topic.	  With	  the	  high	  burden	  of	  dens	  fracture	  in	  the	  elderly,	  the	  interaction	  of	  multiple	  medical	  comorbidities	  and	  the	  success,	  morbidity	  and	  mortality	  of	  conservative	  and	  operative	  treatment	  remains	  difficult	  to	  parse.	  Conservative	  management	  of	  odontoid	  fractures	  is	  associated	  with	  relatively	  high	  rates	  of	  nonunion:	  in	  a	  review	  of	  published	  series	  of	  odontoid	  fractures	  in	  patients	  over	  age	  60,	  43%	  of	  all	  patients	  underwent	  conservative	  management	  (typically	  with	  a	  rigid	  cervical	  collar),	  with	  only	  34%	  of	  these	  patients	  achieving	  radiographic	  union.	  The	  rate	  of	  stable	  fibrous	  nonunion	  was	  determined	  to	  be	  twofold	  that	  observed	  following	  surgical	  management	  of	  the	  injury	  (25.8%	  vs	  12.9%)11.	  In	  the	  current	  study,	  all	  Type	  I	  dens	  fractures	  were	  managed	  in	  collar.	  Type	  III	  dens	  fracture	  was	  associated	  with	  increased	  odds	  of	  receiving	  halo	  orthosis	  as	  primary	  and	  definitive	  management;	  Type	  II	  dens	  fracture	  was	  associated	  with	  an	  increased	  likelihood	  of	  receiving	  surgery	  as	  definitive	  management.	  Future	  research	  will	  be	  aimed	  at	  describing	  the	  associated	  outcomes	  following	  collar,	  halo	  and	  surgical	  management	  of	  Type	  II	  and	  Type	  III	  dens	  fractures	  in	  this	  study	  population.	  
	   58	  
While	  UCS	  fractures	  are	  not	  uncommon	  injuries	  following	  trauma,	  there	  is	  a	  paucity	  of	  guidelines	  for	  management.	  Many	  reviews	  outline	  the	  rate	  of	  these	  injuries,	  the	  treatment	  and	  the	  outcomes,	  but	  none	  have	  successfully	  demonstrated	  negative	  predictive	  factors	  for	  survival	  or	  treatment	  success10,11.	  Further	  research	  regarding	  specific	  factors	  associated	  with	  morbidity	  and	  mortality	  is	  necessary	  to	  develop	  appropriate	  treatment	  algorithms	  for	  patients	  with	  UCS.	  Future	  directions	  for	  this	  research	  will	  involve	  more	  detailed	  statistical	  analysis	  stratified	  by	  fracture	  type.	  The	  limitations	  of	  this	  research	  are	  inherent	  to	  retrospective	  design.	  The	  most	  obvious	  is	  the	  selection	  bias	  that	  occurs	  in	  any	  non-­‐randomized	  clinical	  setting	  and	  which	  retrospective	  reviews	  cannot	  account	  for.	  The	  data	  relies	  on	  the	  accuracy	  of	  the	  clinical	  chart;	  while	  every	  measure	  was	  made	  to	  attempt	  complete	  and	  accurate	  extraction	  of	  data	  from	  clinical	  records,	  the	  records	  were	  not	  set	  up	  specifically	  for	  research	  purposes	  and	  the	  availability	  of	  certain	  data	  is	  limited.	  This	  is	  especially	  true	  pertaining	  to	  Yale	  records,	  as	  the	  hospital	  system	  made	  a	  major	  EMR	  switch	  during	  the	  period	  of	  record	  review.	  Most	  of	  the	  analysis	  performed	  in	  this	  work	  does	  not	  adjust	  for	  factors	  affecting	  outcome	  for	  trauma	  patients,	  including	  gender,	  age	  and	  ISS.	  While	  the	  work	  provides	  a	  good	  descriptive	  and	  overarching	  view	  of	  the	  population	  of	  UCS	  fracture	  patients	  seen	  at	  Yale	  and	  some	  of	  the	  differences	  between	  cohorts,	  it	  leaves	  much	  work	  to	  be	  done	  in	  terms	  of	  multivariate	  regression	  to	  begin	  to	  understand	  the	  differences	  and	  effects	  of	  these	  factors	  on	  patient	  care	  and	  outcomes.	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